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The goal of most maize (Zea mays L.) breeders is to develop 
genotypes with high, stable grain yield. This task is complicated 
because many traits contribute to high yield and stable performance. 
Specific traits, however, have been shown to be important to dependable 
performance in unfavorable environments. Cold tolerance, defined as 
the ability to emerge and grow normally after planting in cold wet soils 
(Mock and Pearce, 1975), is one trait important to dependable stand 
establishment in cool early season environments. 
Several factors have increased the likelihood of encountering cool 
early season environments in com production. Expanded maize production 
into short-season environments necessitates early planting into cold 
soils. Producing maize in Northern Europe, for example, requires 
genotypes to endure adverse temperatures of 6° to 8°C during germination 
and emergence (Pesev, 1969b). Low temperatures early in the growing 
season also occur frequently in high altitude or high latitude parts of 
the world including Northern U.S.A., Canada and Northern Europe. Sibma 
(1977) reported the time at which a closed crop canopy can be obtained 
in the spring is an important criterion for yield in Netherland. Growth 
analyses showed that yield increases could be obtained by accelerating 
leaf development in spring. 
Cool, early season environments also occur with conservation 
tillage systems, defined as any tillage system tending to leave crop 
residue on the soil surface (Funnemark, 1983). Lower soil temperatures 
result because crop residues insulate the soil and reflect solar 
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radiation. Onderdonk and Ketcheson (1973) reported that a maize stover 
mulch decreased the daily maximum soil temperature as much as 2.5°C and 
increased soil moisture retention. Minimum soil temperature was 
affected less than maximum. 
Maximum soil temperature at 2.5, 5.0, 10.0, and 20.0 cm was 
decreased in Manitoba under zero-tillage relative to conventional till 
(Wall and Stobbe, 1983). Maize emergence, silking and maturity were 
delayed and final plant stands were reduced. 
Mock and Erbach (1977) reported conservation tillage systems had 
significantly lower soil temperature, especially at early planting 
dates in Iowa. Slower seedling emergence and growth were associated 
with conservation tillage systems. 
van Wijk et al. (1959) demonstrated that decreasing soil tempera­
ture 2°F using an oat residue mulch markedly decreased early maize 
growth in Iowa, Ohio and Minnesota, where soil temperature is often 
much below optimum. No decrease in growth was observed when soil 
temperature was decreased in South Carolina. 
Amemiya (1977) concluded the most serious obstacle to the 
adoption of conservation tillage systems is the soil temperature 
decrease due to the crop residue mulch and the associated delayed 
germination, emergence and early growth. 
Farmers in the U.S. Com Belt have adopted earlier planting 
dates, which should allow grain fill to occur during the period of 
maximum light energy (Mock and Pearce, 1975). Earlier planting should 
also result in shorter plants with less lodging, lower ears, earlier 
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soil shading, and drier grain at harvest (Pendleton, 1965). Yield 
increases resulting from earlier planting dates have been reported 
(Dungan, 1944; Pendleton and Egli, 1969; Fuimemark, 1983). Earlier 
planting dates in the Com Belt, however, often result in germination, 
emergence and early growth in soils near the low cardinal temperature 
for growth. Cold tolerant maize genotypes with the ability to emerge 
and grow normally during unfavorable conditions are required to 
optimize the advantages of early planting. 
Little research has been reported on developing maize sources of 
improved field cold tolerance despite its increasing importance for 
dependable stand establishment in early season environments. Genetic 
studies indicate that additive genetic variance is predominant for cold 
tolerance traits. Recurrent selection has been proposed as an effective 
method to improve populations for cold tolerence. 
S^-line recurrent selection for cold tolerance traits was 
initiated in 1970 for two maize populations, BS13(SCT) and BSSS2(SCT). 
Five cycles of selection in each population were completed by 1978. 
The populations per se of each cycle, population crosses, selfed 
populations per se, and selfed population crosses were available for 
evaluation of progress from recurrent selection. The primary 
objectives of this research were: 
1. to evaluate direct responses to selection for cold tolerance 
traits, 
2. to relate changes in means to changes in allelic frequency, 
allelic effects and drift due to restricted population sizes. 
to investigate changes in genotype x environment interactions 
accompanying recurrent selection, and 
to evaluate indirect responses in agronomic traits due to 
recurrent selection for cold tolerance. 
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LITERATURE REVIEW 
The cold tolerant capabilities required for stable performance in 
short season, conservation tillage or early planting environments can 
be categorized as: (1) rapid rate of emergence, (2) high percentage 
emergence, and (3) rapid growth rate after emergence. Willis et al. 
(1957) showed that increasing soil temperature from 60*F to 80*F 
increased rate of emergence under field conditions. Segeta (1960) 
demonstrated that percentage emergence was closely dependent on soil 
temperature. Seedlings often died before emergence at 10°C. A 
negative correlation was shown between percentage emergence and 
duration of low temperature. Alessi and Power (1971) found a highly 
significant phenotypic correlation between percentage emergence and 
cumulative degree days above 10°C (r = 0.79**). Miedema (1982) reported 
relative growth rate of maize seedlings was zero or very low at 10° to 
12°C. Other researchers have reported positive association between 
growth rate and temperature (Willis et al., 1957; Beauchamp and 
Lathwell, 1966, 1967; Kleinendorst and Brouwer, 1970; Cal and Obendorf, 
1972b). Alberda (1969) demonstrated that young seedlings would barely 
grow below 15°C, but the reduction in relative growth rate was much 
less severe for four week old seedlings. Castleberry et al. (1978) 
reported chilling periods less than four days caused only temporary 
decreases' in seedling growth rate. 
Mechanisms of Cold Tolerance 
The mechanisms involved in field cold tolerance traits are varied 
and complex. For example, percentage emergence involves imbibition and 
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germination under variable field conditions. Although the effects of 
chilling during imbibition under laboratory conditions have been well 
documented (Cal and Obendorf, 1972a; Cohn and Obendorf, 1978), the 
importance of imbibitional chilling resistance to field cold tolerance 
is unknown. Laboratory germination tests often are unreliable 
indicators of field performance (Burris, 1975; Burris and Navratil, 
1979; Funnemark, 1983) although Pinnell (1949) reported that percentage 
emergence had a 0.75 correlation with percentage germination and a 0.65 
correlation with vigor in laboratory cold tests. Harper et al. (1955), 
Pesev (1969b), and Eagles and Brooking (1981) reported percentage 
emergence was closely associated with rate of emergence although other 
workers reported separate mechanisms (McConnell and Gardner, 1979b; 
Hardacre and Eagles, 1980). Suwantaradon et al. (1975) reported 
percentage emergence had a significant phenotypic correlation of 0.22 
with seedling dry weight and 0.44 with rate of emergence. Thus, several 
mechanisms must be examined for understanding the variability and 
improvement of the three cold tolerance traits under field conditions. 
Whalley et al. (1966) divided growth of grass seedlings into three 
stages. During the heterotrophic growth stage seedlings are fully 
dependent on seed reserves for energy even though green leaves are 
present. The transition stage, at about the two-leaf stage (Cooper and 
MacDonald, 1970), follows the commencement of photosynthesis but occurs 
before exhaustion of seed reserves. The autotrophic stage begins about 
34 to 55 days after sowing, when the seedling is at about the three to 
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four visible leaf stage (Hardacre and Eagles, 1980) and is charac­
terized by the seedling obtaining all complex organic compounds from 
the products of photosynthesis. 
Eagles (1982) suggested that before photosynthesis begins, maize 
seedling growth rate is dependant on rate and efficiency of endosperm 
conversion into new root and shoot tissue. Smith (1935) reported 
large genotypic differences between inbreds for endosperm conversion 
efficiency at low temperature. Using time to emergence as an index 
of relative endosperm conversion rate, Eagles (1982) concluded that a 
breeding population adapted for high altitude tropical regions 
exhibited a better rate and efficiency of endosperm conversion than 
did several U.S. Com Belt lines. For example, one high altitude 
line emerged in 24.3 days at 11°C whereas inbred A619 required 47.2 
days to emerge. Time to emergence, however, did not determine ability 
to survive autotrophically at 13°C (Hardacre and Eagles, 1980). 
Alberda (1969) showed that autotrophic growth occurs slowly at 
15°C. Hardacre and Eagles (1980) reported genotypic variability for 
autotrophic growth at 13"C. 
Improving photosynthetic capability has been explored as a way to 
improve early plant growth. Taylor and Rowley (1971) demonstrated 
that photosynthetic rates drop 89.2% upon exposure to 10°C after growth 
at 25°C. Visible light caused progressive permanent damage to the 
photosynthetic capacity. 
Lee and Estes (1982) reported that chloroplast ultrastructure 
changes after exposure to 15° day/10°C night temperature included 
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swelling of chloroplast stroma and decreased size of granal stacks. 
Chlorophyll accumulation decreased at 16°C especially under high light 
intensity due to increased photodestruction (McWilliam and Naylor, 
1967). 
No genotypic differences in photosynthetic capacity reduction at 
low temperature have been shown in several studies (Teeri et al., 1977; 
Blondon et al., 1980). Miedema and Sinnaeve (1980) demonstrated that 
even at 10°C rates of photosynthesis were still quite high. The 
average CO^ exchange rate was about 25 mg/plant/hr. They concluded 
that plant growth at 10°C was not limited by photosynthetic rate. 
Maize seedling growth may be limited by reduced water and nutrient 
uptake at low temperature (Grobbelaar, 1963; Taylor and Rowley, 1971). 
Kleinendorst (1975) showed that low root temperature causes a water 
shortage due to reduced permeability of roots. The resulting water 
stress decreased cell elongation. Low temperature above the meristem 
restricted carbohydrate transport and decreased elongation resulted. 
Differences in nutrient composition due to low temperature have 
been observed. Mederski and Jones (1963) demonstrated that 30 day 
old plants grown at 80®F soil temperature contained 25% more potassium 
and 100% more phosphorus than plants grown at 65°F. However, the 
differences were decreased by maturity. 
Uptake of phosphorus and potassium are decreased by lower soil 
temperature (Jones and Mederski, 1963). Knoll et al. (1964) suggested 
that reduced nutrient uptake was caused primarily by depressed root 
growth induced by low root temperature. Low temperatures have been 
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shown to decrease early root growth (Blondon et al., 1980). Walker 
(1969) demonstrated that dry weights averaged 20% less with each 
degree decrease in soil temperature from 26°C to 12®C. Miedema (1982), 
however, concluded even though nutrient uptake may be restricted by low 
temperature, appreciable amounts are still absorbed at temperatures at 
which no growth occurs. 
Resistance to seed and seedling diseases usually is considered a 
cold tolerance mechanism. Several pathogens are capable of infecting 
maize seeds and seedlings. Andrew (1954) reported that at least 17 
pathogens are capable of causing seedling blight and eight are species 
of Pythium. Ho (1944) listed the organisms found most often on 
decayed maize seeds in Iowa as Pythium debaryanum, Gibberella 
saubinetii, Fusarium spp. and 2- graminicola. The pathogens most 
commonly found on diseased seedling roots are Pythium debaryanum, 2» 
graminicola, Gibberella saubinetti, Helminthosporium sativem, 
Bhizoctonia solani and Fusarium moniliforme. 
Each of the seed rotting pathogens causes the general symptom of 
complete seed decay at or before the time of germination (Ullstrup, 
1977). Various other symptoms of the seedling diseases also may occur 
including brown water soaked lesions on roots, complete rotting of 
root tips, and wilting. 
Genotypic differences in resistance to Pythium spp. (Hooker, 1951; 
Hooker, 1954) and Fusarium moniliforme (Lunsford et al., 1975) have 
been reported. I^atemal effects appear to be important for the 
inheritance of seed and seedling rot resistance (Tatum, 1942; Rinke, 
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1953; Andrew, 1954; Crane, 1956). Lunsford et al. (1976) concluded 
that additive and maternal effects were more important than dominance 
in inheritance of resistance to 2» moniliforme. Pesev (1970) also 
reported significant maternal effects when cold tolerance traits were 
measured in laboratory cold tests using field soil. Martinson (1971) 
attributed the maternal effect to seed coat cracking and solute leakage. 
Pinnell (1949), however, concluded the maternal effect was not 
accounted for by kernel characteristics or pericarp condition. 
Intracellular solutes are leaked when dry seeds first come in 
contact with soil moisture. This leakage decreases rapidly as 
imbibition continues. Increased amounts of amino acids, particularly 
proline, alanine, and glutamate, sucrose, glucose and raffinose diffuse 
from kernels as soil temperature is lowered from 24°C to 6"C (Segeta 
and Vedralova, 1970; Vedralova and Segeta, 1970). The hydrolysis of 
storage polysaccharides and reserve nitrogen compounds was not 
inhibited, but the use of the products of hydrolysis was inhibited by 
low temperature. Segeta and Vedralova (1970) concluded that under 
favorable conditions of rapid germination the degraded products are 
used for metabolic and growth products. Scroth and Hildebrand (1964) 
reported that these exudates directly affect pathogens by inducing 
their germination or by contributing to their nutritional status prior 
to penetration. Singh (1965) demonstrated that the relative population 
of Pythuim ultimum was increased three-fold within 48 hours of planting 
maize. 
The resistance reaction of maize to seed and seedling pathogens 
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appears to be quite complex. Low temperature influences the seed or 
seedling more than the pathogen (Schulz and Bateman, 1969). Dickson 
(1923) demonstrated that germination and growth of spores of Gibberella 
saubinetii can occur from 4° to 32°C, while optimum maize growth occurs 
from 24® to 28®C. The most rapid development of the disease occurs at 
12® to 16°C. Similar results have been shown with Pythium arrhenomanes 
(McKeen, 1951) and other Pythium species (Hooker, 1954). Most pathogens 
become aggressive when plants are under low temperature stress 
(Ullstrup, 1977). For example. Harper (1954) found less seed rot when 
under conditions of rapid germination. Hooker and Dickson (1952) 
demonstrated that seeds became more resistant to 2» debaryanum once 
germination was initialized particularly at warm temperature. Bunting 
(1955) obtained similar results. 
Other factors appear to be involved in the cold tolerance reaction. 
Seed coat injuries from mechanical damage often lower performance under 
cold conditions (Tatum and Zuber, 1943; Neal, 1949). Immature seed 
(Rush and Neal, 1951) or seed subjected to freezing temperature during 
maturation (Rossman, 1949) also have less cold tolerance. Rossman 
(1949) reported significant correlation (r = 0.75**) between reductions 
in percentage germination and freezing treatments. 
Although various factors contribute to field cold tolerance, the 
underlying biochemistry is not as well-understood. Various hypotheses 
have been proposed concerning response of seeds or plant tissue to low 
temperature but the relationship between these and field performance 
is not clear. 
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Simon (1974) hypothesized that membrane phospholipids in seeds 
below 20% moisture are in a hexagonal configuration. When the dry 
seeds contact moisture, cellular substances may passively diffuse 
through the tubular channels for a few seconds or minutes. Upon 
imbibition, the normal lamellar phospholipid architecture is 
reestablished so that cellular substances do not passively diffuse out. 
However, imbibition at chilling temperature impairs rapid membrane 
restoration because the phospholipids are gelled in the rigid 
crystalline-gel phase. Simon (1974) further hypothesized that chilling 
sensitive genotypes are injured at low temperature due to the resulting 
loss of cellular substances which may deplete the soluble food reserve 
supply or stimulate pathogen growth. Impaired membrane reorganization 
may also be expressed as decreased mitochondrial activity. Respiration 
rates during the initial 2 to 3 hours of imbibition have been 
correlated (r = 0,74**) with seedling growth 3 days after planting 
(Woodstock, 1965). Cohn and Obendorf (1976) demonstrated, however, 
that energy metabolism disruption was not the primary effect of chilling. 
Seeds that display resistance to chilling temperature may have 
higher percentage unsaturated fatty acids in seed membrane phos­
pholipids (Dogras et al., 1977). Hypothetically, this would allow 
greater membrane flexibility and more rapid membrane reorganization 
during hydration. Gubbels (1974), however, showed that a negative 
phenotypic correlation existed between rate of emergence and stearic 
acid (r = -0.64) and oleic acid (unsaturated) (r = -0.57) percentage 
in maize. 
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Cal and Obendorf (1972a) demonstrated that seeds at 6% moisture 
were more susceptible to chilling injury than seeds at 13 or 16% 
moisture. Similar results were found in sorghum (Phillips and 
Youngman, 1971). Higher moisture may allow partial membrane 
reorganization and less chilling injury. 
Similar hypotheses have been suggested concerning effect of cold 
temperature on plant tissue. Lyons and Raison (1970) suggested that 
cold temperature below some critical temperature caused a physical 
phase transition of membranes from a flexible liquid-crystalline to 
a rigid solid-gel structure. The phase change of resistant tissue 
occurs at a much lower critical temperature. 
The loss of membrane fluidity may have several effects. Lyons 
and Raison (1970) demonstrated that respiration rates decreased and 
suggested this was an immediate effect of relatively inflexible 
mitochondria at low temperature. Wolk and Hemer (1982) reported that 
chilling caused some uncoupling of oxidative phosphorylation. Creencia 
and Bramlage (1971) noted the capacity of maize seedlings to recover 
from short chilling treatments and suggested such recoveries depended 
on capacity of mitochondria to regain their capacity to generate ATP. 
The membrane phase change at low temperature may interfere with 
functions of enzymes embedded in the membrane (Lyons and Breidenbach, 
1979). Raison, Lyons and Thomson (1971) demonstrated increases in 
activation energy of membrane-associated respiratory enzymes which they 
attributed to configurâtional changes in the enzyme at the critical 
chilling temperature. 
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Tissue of genotypes resistant to chilling appear to have higher 
concentrations of unsaturated fatty acids in the phospholipid fraction 
(Wilson and Crawford, 1974). This may result in more flexible 
membranes at low temperature. 
Genetics of Cold Tolerance 
Genetic variation 
Genotypic differences for cold tolerance traits have been reported 
by several workers. Smith (1935) demonstrated differences between 
two inbreds for seedling dry weight at specific seedling stages when 
grown at 17°C but not 24°C. Sprague (1936) reported heterosis for 
growth rate from emergence to the early seedling stage. Significant 
genotypic differences for germination rate and radicle extension at low 
temperature have been shown (McAdam and Hayes, 1978). 
Pesev (1969a) also found genotypic differences between inbreds for 
early plant growth rate. The hybrid of two inbreds with rapid growth 
rates had significantly higher growth rate than the cross of slow x 
slow. Genotypic differences existed in rate of emergence and seedling 
plant height between U.S. Com Belt and Yugoslavian lines (Pesev, 
1969b). The more cold tolerant genotypes emerged 3 to 5 days earlier 
and had 0.9 to 1.3 more leaves. 
Strong maternal influences on percentage emergence have been 
demonstrated (Pesev, 1969b). Grogan (1970) reported maternal and 
additive effects were important for maize germination. Heterosis also 
favorably influenced germination. Additive effects and heterosis also 
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were important for seedling growth rate; maternal effects were less 
pronounced and there was no indication of cytoplasmic effects. Grogan 
(1970) concluded that a multiple factor inheritance was responsible 
for cold tolerance. 
Working with two populations of Iowa Stiff Stalk Synthetic, BSSS2 
and BS13, Mock and Eberhart (1972) reported large genotypic variances 
for percentage emergence, rate of emergence and seedling dry weight 
within lab and field environments. For example, genotypic variances 
measured in the field for BS13 were 175.07 for percentage emergence, 
4.37 for rate of emergence, and 0.150 for seedling dry weight. Broad-
sense heritability estimates from field data ranged from 0.41 for 
seedling dry weight to 0.72 for percentage emergence in BS13. 
Heritabilities were lower when data were combined from field and 
laboratory experiments due to a large genotype x environment inter­
action. Relatively larger genotypic variances for cold tolerance traits 
were found in BS13 so greater gain from selection was predicted in BS13 
than BSSS2. 
Crosbie et al. (1980) utilized the same two populations and 
reported largest estimates of genotypic variance for percentage 
emergence [127.9 in BS13(SCT) and 118.1 in BSSS2(SCT)], and smallest 
for seedling dry weight [0.21 in BS13(SCT) and 0.13 in BSSS2(SCT)]. 
However, the broad-sense heritability estimates of percentage emergence 
(average of 0.63) and seedling dry weight (average of 0.58) were higher 
than rate of emergence (average of 0.48). These estimates were biased 
by maternal effects and genotype x environment interaction. 
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McConnell and Gardner (1979a) utilized a generation means analysis 
on six inbred lines and concluded that germination under laboratory 
conditions and emergence and seedling growth under field conditions 
were inherited in a quantitative manner and most of the genetic 
variability was nonadditive. Epistatic effects, especially dominance x 
dominance, and dominance effects were important for these traits. 
Additive effects were rarely significant. 
Significant narrow-sense heritability estimates of 0.85 for 
percentage emergence, 0.72 for rate of emergence, and 0.80 for seedling 
dry weight were found in 34 lines adapted to various North American 
latitudes (Mock and McNeill, 1979). They also reported significant 
genotype x environment interaction mean squares. 
Duncan and Hesketh (1968) evaluated 22 maize races and reported 
significant genotypic differences in relative seedling growth rates. 
Races adapted to high altitudes had relatively higher growth rates 
than other maize races. 
Significant genotypic variance and heritability estimates were 
found for percentage emergence, rate of emergence and seedling dry 
weight in 144 maize plant introductions. These estimates were biased 
by genotype x environment interactions because only one environment 
was used. Mock and Skrdla (1978) concluded sufficient variability 
existed so this germpiasm could be improved by selection for cold 
tolerance. 
Eagles and Hardacre (1979a, 1979b) estimated components of 
variance in a broad-based population developed by CIMMYT for highland 
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areas of the tropics. They reported significant genetic variance among 
2 2 
males for rate of emergence (o^ = 0.072), shoot weight (a^ = 0.0108) 
2 
and leaf number = 0.004) using the Design I. Dominance variance was 
important for rate of emergence. Maternal effects were shown for 
percentage germination, but were less important for rate of emergence 
and seedling growth. They concluded maternal influences were important 
for ability to germinate when microorganisms were present. Inbreeding 
depression was demonstrated for rate of emergence, shoot weight and 
leaf number. 
Fakorede and Ojo (1981) reported significant genotypic variance 
estimates of 144 for percentage emergence, 0.023 for rate of emergence, 
and 0.06 for seedling dry weight at 21 days after planting in 36 maize 
populations including composites, synthetics, and open pollinated 
cultivars from Nigeria. Broad-sense heritability estimates ranged 
from 45.5% for rate of emergence to 67.7% for seedling dry weight. 
Dolstra and Jongmans (1982) reported seedling vigor score at the 
4 to 6 leaf stage had heritabilities of about 0.5 at an early planting 
date and from 0.36 to 0.61 at a normal planting date in Latin American 
and Portuguese germplasm. Suwantaradon et al. (1975) reported broad-
sense heritability estimates of 57.0% for percentage emergence, 68.5% 
for seedling dry weight and 62.2% for rate of emergence in the BSSS2 
maize population. 
Correlation of cold tolerance with other agronomic traits 
The genetic relationship between cold tolerance and other agronomic 
traits appears to be variable depending on the environments and 
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germplasm used. Hughes (1913) reported associations between early 
growth rate and yield in an open pollinated variety of maize. Grantham 
(1917) also concluded less vigorous plants yielded less. 
Pesev (1969a) reported significant correlations between early 
plant growth measured as plant height and kernel yield ranging from 
0.51 to 0.70. Burris (1975) concluded that differences in early 
seedling vigor affected vegetative development but these effects 
diminished as plants approached tasseling. Seedling vigor was associated 
with earlier tasseling and silking. Mock and Eberhart (1972) found low 
genotypic and phenotypic correlation between cold tolerance traits and 
tasseling date ranging from 0.03 with seedling dry weight to -0.17 
with percentage emergence. 
Burris (1975) showed that decreased seedling vigor resulted in 
lower yield of some genotypes even though density was held constant. 
Mock and Erbach (1979) reported that the lower yields found with early 
planting or conservation tillage systems were associated with lower 
final emergence. Mock und McNeill (1977) demonstrated low phenotypic 
correlation between percentage emergence (r = 0.24) or rate of emergence 
(r = 0.20) and yield, but seedling dry weight at 42 days after planting 
was significantly correlated (r = 0.48**) with yield for 34 inbreds. 
Glenn et al. (1974) reported significant correlation of hybrid yield 
with visual early vigor rating in only one of two years. Suwantaradon 
et al. (1975) reported low but significant phenotypic correlation 
between yield and rate of emergence, but not percentage emergence or 
seedling dry weight. 
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Fakorede and Ayoola (1980) studied changes in cold tolerance traits 
associated with recurrent selection for yield in 10 populations and 
concluded that selection for yield was associated with variable 
responses in cold tolerance traits. Selection for yield was associated 
with decreased percentage emergence and dry matter accumulation in the 
population TZB, increased percentage emergence in NCC, and no change 
in percentage emergence in TZPB. 
Selection for Cold Tolerance 
Selection methods 
Additive genetic variation has been found to be predominant for 
the cold tolerance traits. Grogan (1970) reviewed the literature and 
concluded that recurrent selection would be the best method to take 
advantage of the primarily additive, and also dominance and epistatic 
gene contributions to cold tolerance traits. 
Eagles (1982) concluded that maternal effects were of minor 
importance for rate of emergence and seedling growth. Selection for 
hybrid performance with superior cold tolerance could consequently 
be based on either selfed or testcross progeny. 
McConnell and Gardner (1979b) reasoned that the abilities to 
germinate and grow at low temperature were controlled by separate 
genetic mechanisms. Selection for improved germination at low 
temperature would not improve growth after emergence. Hardacre and 
Eagles (1980) concurred that selection for cold tolerance must be 
based on criteria accounting for both ability to emerge and grow at 
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suboptimal temperature. Miedema (1982) concluded because these traits 
are genetically unrelated that simultaneous selection for several 
traits would be impossible and ineffective. Miedema (1982) thought 
that the best approach would be to select source material for the 
various traits separately and recombine the sources. McConnell and 
Gardner (1979b), however, concluded that selection for cold tolerance 
using a selection index would be effective. Other researchers also 
reported genotypic correlations were high enough to warrent index 
selection (Mock and Skrdla, 1978; Mock and McNeill, 1979). 
Crosbie et al. (1980) compared selection differentials, expected 
gains and relative efficiencies of several indexes designed to improve 
cold tolerance in two maize populations, BSSS2 and BS13. The indexes 
were based on three traits: percentage emergence, rate of emergence 
and seedling dry weight. The desired gain index (Pesek and Baker, 
1969) using different sets of desired gains, gave poor selection 
differentials or mediocre predicted gains. The base index (Williams, 
1962) and the Smith-Hazel index (Hazel, 1943) predicted nearly identical 
gains, but placed the most weight on percentage emergence, the trait 
with the largest genetic variance, when equal economic weights were 
used. Mock and Bakri (1976) reported that rate of emergence and 
seedling dry weight needed more improvement than percentage emergence 
in BSSS2 and BS13. Crosbie et al. (1980) concluded neither the base 
or Smith-Hazel index should be used to improve cold tolerance unless 
larger economic weights were given to rate of emergence and seedling 
dry weight. Mock and Eberhart (1972) also reported that 85 to 90% of 
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the predicted advance in BSSS2 was due to gain in percentage emergence 
when the Smith-Hazel index was used. However, the Smith-Hazel index 
was about as efficient as single trait selection. 
Crosbie et al. (1980) concluded the rank summation index (Mulamba 
and Mock, 1978), the Elston weight-free index (Elston, 1963) or a base 
index (where the index weights were reciprocals of the phenotypic 
standard deviation) were most efficient for improving composite traits 
without logical economic weights such as cold tolerance. These indexes 
had the advantages of being easy to use, free from the need to estimate 
genetic parameters and gave good selection differentials and predicted 
gains in each trait and in the aggregate genotype. 
Crosbie et al. (1980) suggested using dry weight per plot to 
improve cold tolerance. They reported selection for dry weight per 
plot would select for high percentage emergence and seedling dry weight. 
They pointed out that dry weight per plot was easier to estimate at 
several locations than rate of emergence. Crosbie et al. (1980) 
concluded that greater gains for cold tolerance would be realized by 
basing selection on data for dry weight per plot at several locations 
rather than on an index constructed with data biased by genotype x 
location interactions. Williams (1962) reported that errors in 
estimating genetic parameters can affect the accuracy of an index. 
Mock (1979), however, demonstrated that data from only one year 
introduced more bias than from one location. Comparing selections 
from a desired gain and rank summation index on different numbers of 
environments, discrepencies were shown between indexes when based on 
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only one year's data. 
Crosbie et al. (1980) reported that all indexes predicted greater 
changes in the aggregate genotype for BS13 than BSSS2. This was 
attributed to the greater phenotypic and genotypic correlations among 
cold tolerance traits in BS13. 
Selection environments 
The choice of selection environment is critical for traits confer­
ring stability in occasional unfavorable environments. Breeders strive 
to select in the environment which gives greatest genetic variation and 
which allows selection of genotypes with high performance in both stress 
and favorable environments. Genetic and environmental variance are 
generally higher for yield in favorable environments although herita-
bility and genetic gain estimates are not consistently associated with 
yield levels because error variance also is generally higher (Mederski 
and Jeffers, 1973; Allard et al., 1978). However, research indicates 
greater genetic variability for the cold tolerance traits rate of 
emergence and seedling dry weight in colder stress environments (Cal and 
Obendorf, 1972b; Mock and Erbach, 1977; McConnell and Gardner, 1979b; 
Mi edema, 1982). Genetic variance is significant for percentage emergence 
in both stress and nonstress environments (Dolstra and Jongmans, 1982). 
Mock and Bakri (1976) reported significant genetic gain from 
selection only in the less severe environment for rate of emergence and 
seedling dry weight. Significant gain was shown in both environments 
for percentage emergence. 
Fakorede and Ayoola (1980) reported low correlation between 
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performance in stress and nonstress environments for rate of emergence 
and seedling dry weight. Lee and Estes (1982), however, reported the 
same hybrid had highest seedling dry weight in both stress and nonstress 
environments. 
Rosielle and Hamblin (1981) concluded that selection for stress 
tolerance, defined as small differences between performance in stress 
and nonstress environments, will usually decrease performance in 
nonstress environments. Selection for stress tolerance will increase 
performance in nonstress only when genetic variance in stress is greater 
than in nonstress environments, and when there is a high correlation 
between performance in stress and nonstress environments. Selection 
for productivity, defined as mean performance in stress and nonstress 
environments, will increase performance in both environments unless 
genetic variance is less in stress and the genetic correlation between 
environments is highly negative. 
Allard et al. (1978) concluded that the correlation between genetic 
values estimated in selection environment and in the target population 
of environments was greater when the selection environment was "typical" 
of the target population of environments. Small correlations more 
likely result when selecting in "unique" environments of very high or 
low performance. 
Several authors have stressed the importance of selecting for cold 
tolerance on the basis of data collected from greater than one environ­
ment. The genotype x environment interaction has been shown to be 
significant for most cold tolerant traits (Mock and Eberhart, 1972; 
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Mock and McNeill, 1979; Fakorede and Ayoola, 1980). Mock (1979) 
demonstrated using 34 inbreds that genotype x year interactions were 
always significant for percentage emergence, rate of emergence and 
seedling dry weight. Genotype x year x location interactions also were 
significant for percentage emergence but were smaller than genotype x 
year interactions. Similarly, rate of emergence and seedling dry 
weight were slightly influenced by genotype x location interactions. 
Mock (1979) concluded that selection for cold tolerance should be based 
on data combined across years, even though this would probably increase 
length of selection cycle. McConnell and Gardner (1979b) reported 
percentage emergence and visual seedling vigor score did not show 
significant genotype x year or location interactions. They noted, 
however, unusually warm conditions during the two years of the 
experiment. 
Previous selection 
The earliest selection for cold tolerance was by Leith in 1914 in 
the open pollinated variety Golden Glow. Selection criterion was 
performance in laboratory cold germination tests (Neal, 1949). 
McConnell and Gardner (1979b) utilized phenotypic recurrent 
selection in two maize populations. SSCG was derived from Iowa Stiff 
Stalk Synthetic and CTCG was composed of materials previously selected 
for cold from Europe, Latin America, and the U.S. A 20% selection 
intensity was used and the selection criterion was rate of germination 
under laborabory conditions of 7.2°C. Selections were transplanted to 
the field, selfed, and the 60 plants with superior agronomic traits 
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were recombined in the winter. These populations were evaluated after 
four cycles. McConnell and Gardner (1979b) reported significant 
improvement in percentage germination of 8.8% and 9.9% per cycle in 
CTCG and SSCB, respectively, under laboratory conditions for both 
populations. Percentage emergence, visual seedling vigor score, stay 
green rating, stalk lodging, number of ears per plant, plant height, 
test weight and grain quality were not altered by selection. Grain 
moisture at harvest was decreased 0.24% per cycle in SSCG, and GDU to 
shed increased 9.10 GDU/cycle and decreased 6.17 GDU/cycle in CTCG 
and SSCG, respectively. 
Mock and Eberhart (1972) initiated S^-line recurrent selection in 
two Iowa Stiff Stalk Synthetic populations, BSSS2 and BS13. Field 
selection was based on percentage emergence, rate of emergence and 
seedling dry weight at 42 days after early planting. After two and 
three cycles of selection in BS13(SCT) and BSSS2(SCT), respectively, 
these populations were evaluated for progress from selection (Mock and 
Bakri, 1976). Selection improved percentage emergence and seedling dry 
weight in BS13(SCT) 8.4% per cycle and 0.6 dg/cycle, respectively. No 
gain for these traits was shown in BSSS2(SCT). Rate of emergence was 
not improved in either population. Days to 50% pollen shed and harvest 
moisture decreased in both populations. Plant height was decreased 
0.1 cm per cycle in BSSS2(SCT). Yields were not altered by selection 
in either population. Mock and Bakri (1976) concluded more gain was 
observed in BS13(SCT) which concurs with Mock and Eberhart (1972) who 
found greater genotypic variance in BS13(SCT). 
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Dolstra and Jongmans (1982) reported that full sib recurrent 
selection for improved cold tolerance in a population of Latin American 
and Portugal accessions had been initiated in 1973. Selection was on 
a rank summation index using rate of emergence, percentage emergence 
and visual seedling vigor score. Progress from selection was reported 
for percentage emergence and seedling vigor score at both an early and 
normal planting date. However, improvements in rate of emergence were 
expressed only at the early planting date. 
Recurrent Selection 
Evaluation of genetic gain 
The purpose of recurrent selection is to increase the frequency 
of favorable alleles in a population and maintain genetic variability 
for further selection. This allows for effective long term selection 
and increased probability of extracting superior lines (Hallauer and 
Miranda, 1981). 
The method used most frequently to evaluate the effects of 
recurrent selection is to regress mean yields of the selected popula­
tions on cycles of selection. This method produces an estimate of 
changes in means but no estimate of the relative changes in allelic 
frequencies. Additionally, the regression method confounds changes in 
the mean due to increases in favorable allelic frequencies with changes 
due to drift resulting from recombining a finite number of lines 
(Smith, 1979). 
Models for evaluating progress from selection are available tha: 
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relate the change in the mean to changes in allelic frequencies and to 
types of allelic effects involved. Hammond and Gardner (1974) proposed 
a modification of the variety cross diallel (Gardner and Eberhart, 1976), 
which allows partitioning the gain from selection into homozygous and 
heterozygous effects. Smith (1979) proposed a modified model that 
included effects due to changes in levels of inbreeding which would 
occur in most recurrent selection programs. An estimate of inbreeding 
depression is important because under the assumption of little or no 
overdominance drift may represent a decrease in frequency or loss of 
favorable alleles. This possible loss of favorable alleles will be a 
limit to the gain that can be achieved by selection. Robertson (1960) 
showed that the limit to artificial selection is a function of selection 
differential and effective population size. The effect of drift due to 
finite population size appears to have a large effect on genetic gain 
when there is dominance or overdominance (Kojima, 1961; Gill, 1965; 
Hill, 1969). The model developed by Smith (1979) also does not 
include terms from the modified diallel involving the square of the 
change in allelic frequency. These terms are expected to be too small 
to detect unless the number of cycles of selection is extremely large. 
The model developed by Smith (1979) can also be used to estimate 
correlated changes in other agronomic traits. Correlated changes may 
be caused by pleiotropy, gene linkage or genetic drift caused by 
recombining a finite number of lines (Crosbie and Pearce, 1982). 
Clayton et al. (1957) demonstrated that genetic drift may be the most 
important influence on correlated responses to selection, especially 
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when genetic correlation is low. Eisen et al. (1973) showed that 
negative correlated responses could result when small population sizes 
were used, even though genetic correlation was positive. 
Evaluating for changes in genotype x environment interaction 
Effective recurrent selection not only changes population means and 
allelic frequencies but may also alter genotype x environment inter­
actions (Moll et al., 1978). The effect of selection on genotype x 
environment interactions could be examined by comparing responses of 
selected and unselected populations under different environmental 
conditions. One method to characterize genotype x environment inter­
actions determines if a linear relationship exists between genotypic 
performance in various environments, and some additive measure of the 
environments. The analysis calculates for each genotype a linear 
regression of performance on some measure of the environment: mean 
performance of all other genotypes for each environment (Finlay and 
Wilkinson, 1963) or an environmental index (Eberhart and Russell, 
1966). Such an environmental index could be calculated from independent 
environmental factors such as rainfall or temperature, or more commonly 
from mean genotypic performance. Environment and genotype x environ­
ment sums of squares are partitioned into environmental (linear), 
genotype x environment (linear) and deviations from linear regression. 
The genotype x environment (linear) interaction identifies significant 
genotypic differences in linear response to environment. 
Finlay and Wilkinson (1963) concluded that the important 
statistics from the analysis are the regression coefficient and mean 
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performance over all environments. For example, a genotype with a 
b-value greater than 1.0 would be considered unstable and specially 
adapted to favorable environments, Bilbro and Ray (1976) concurred 
that the regression coefficient was a measure of adaptation and 
deviations from regression or the coefficient of determination measured 
stability. A b-value greater than 1.0 indicates adaptation to high 
yielding environments. Eberhart and Russell (1966) defined a stable 
genotype as having a b-value equal to 1.0 and small deviations from 
regression. Other definitions of a stable genotype have been used. 
Faris et al. (1979) used the regression analysis to evaluate stability 
of sorghum cultivars to midge resistance. They concluded a stable 
cultivar would have low mean insect attack, regression coefficient 
equal to 0.0 (no relationship between insect attack and environment), 
and low deviations from regression. 
Statistical objections have been raised to the use of regression 
analysis as proposed by Eberhart and Russell (1966) (Hill, 1975). 
Freeman (1973) opposed adding the sums of squares for environment and 
genotype x environment and repartitioning it into three other sources. 
The sums of squares for environment then equals the environment (linear) 
although the degrees of freedom are not equal. Freeman and Perkins 
(1971) suggested that when the environmental index is calculated from 
genotypic means then the genotypic means or independent variables are 
not truly independent of the environmental means on which they are 
regressed. 
The problem of using values for the independent variables which 
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are not independent of the factor regressed on them can be circumvented 
by using some physical measurement as an assessment of the environment 
(Freeman and Perkins, 1971). Eberhart and Russell (1966) state that 
an independent environmental index utilizing factors such as tempera­
ture, rainfall and fertility would be useful for studying yield 
stability. The authors recognized that present knowledge of the 
relationship between these factors and yield isn't sufficient to 
compute an accurate index. However, early growth traits of maize are 
closely associated with temperature differences CGrobbelaar, 1963; 
Maclean and Donovan, 1973; Navratil and Burris, 1980). 
An independent environmental index could be developed assessing 
environments on a measure of accumulated temperature effects such as 
heat units. Methods to calculate accumulated temperature parameters 
vary, but most utilize minimum and maximum daily temperature within an 
upper (30°C) and lower (10°C) growth threshold (Singh et al., 1976). 
There are several objections to the use of heat units in 
quantifying maize growth. Arnold (i960) stated that heat units assume 
a linear relationship between temperature and rate of plant development, 
but the relationship is probably curvilinear. Allmaras et al. (1964) 
recognized that diurnal temperature variations may cause growth 
responses not accountable by average temperature. Carr C1977) stated 
that during the early stages of growth the apical meristem is below or 
close to the soil surface, so soil temperature should be more important 
than air temperature. Soil and air temperature show similar diurnal 
patterns, but using air temperature to estimate soil temperature may 
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introduce considerable error (Shaw, 1971). Wang (1960) recognized that 
plants respond differently to the same environmental factor during 
various stages of their ontonological development and that heat unit 
computations don't take into account these time sequences. For example, 
Navratil and Burris (1980) suggested that the upper and lower thresholds 
may apply to growth of plant tissue, but may not be relevant for 
germination and early growth. 
Mather and Caligari (1974) also proposed a modification to the 
Eberhart-Russell model to perform the regression analysis of a genotypic 
mean on the mean of all other entries excluding the genotype in question 
in each environment. Moll et al. (1978) demonstrated that the genotype 
X environment interaction calculated in this manner is a function of the 
responsiveness of the genotypes to the environment (i.e., a function of 
the standard error over environments for each genotype) and of the 
correlations of the responses of entries in different environments 
(i.e., correlations between pairs of entries over environments). 
Moll et al. (1978) studied genotype x environment interactions in 
populations subjected to recurrent selection for yield. They reported 
that the interactions were largely accounted for by the responsiveness 
to environmental variation. Improved populations were more responsive 
than the original populations. Moll et al. (1978) concluded that the 
increased responsiveness with selection was manifested as greater 
selection gain in better environments and smaller gain in poorer 
environments. 
Stable maize performance in short season, conservation tillage or 
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early planting environments requires rapid rate of emercence, high 
percentage emergence and rapid growth rate after emergence. Much 
research has been devoted to possible mechanisms of cold tolerance. 
The relationship between these mechanisms and field performance has 
not been well investigated. Additive genetic variance and heritabilities 
for field cold tolerance traits, however, appear to be sufficiently high 
to warrent recurrent selection to develop improved cold tolerant 
germplasm. Models are available to evaluate progress from recurrent 
selection in terms of changes in allelic frequencies, changes in 
genotype x environment interactions and changes in correlated traits. 
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MATERIALS AND METHODS 
Plant Materials 
Two populations of Iowa Stiff Stalk Synthetic were used in this 
study. BS13 is BSSS(HT)C7, which was improved by seven cycles of 
half-sib recurrent selection for yield using the double cross Iowa 13 
[(1317 X BL349) x (BL345 x MC401)] as a tester (Penny, 1968). BSSS2 
was formed by the cross [BSSS(HT)C6 x BSSS(R)C4] syn 3, where BSSS(R)C4 
is the fourth cycle of the reciprocal recurrent selection version of 
Iowa Stiff Stalk using BSCBl (Com Borer Synthetic #1) as the 
reciprocal variety (Penny and Eberhart, 1971). 
S^ recurrent selection for cold tolerance was initiated in BS13 
and BSSS2 in 1970. The original unselected populations were designated 
BS13(SCT)C0 and BSSS2(SCT)C0. 
The selection program involved evaluating random S^-lines in one 
field location for one year with planting as close to 1 April as 
possible. Numbers of Slines evaluated each cycle are presented in 
Table 1. A 10% selection intensity was used each cycle. Selection 
through the C2 and C3 of BS13(SCT) and BSSS2(SCT), respectively, was 
based on a Smith-Hazel selection index calculated for the three traits, 
percentage emergence at 30 days after planting, rate of emergence, and 
seedling dry weight at 42 days after planting (Mock and Eberhart, 
1972). Equal economic weights were used with the Smith-Hazel index. 
The desired gain index (Pesek and Baker, 1969) was utilized beginning 
with C3 of BS13(SCT) and C4 of BSSS2(SCT) (Mock and Bakri, 1976). 
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Table 1. Number of lines evaluated in each cycle of recurrent 
selection for cold tolerance 
Cycle BS13(SCT) BSSS2(SCT) 
1 288 288 
2 144 100 
3 100 144 
4 144 100 
5 144 144 
Five cycles of recurrent selection were completed in these 
populations by 1978. The materials used in this study are listed in 
Table 2. Seed of the six cycles (C0-C5) of BS13(SCT) and of 
BSSS2(SCT), and the six possible population crosses among the CO and 
C5 cycles of both populations were produced in 1979. These genotypes 
and two single cross hybrid checks were included in the cold tolerance 
and agronomic evaluation experiments in 1980 and 1981. One hundred 
random plants in each CO and C5 cycle were selfed to produce S^-lines 
and equal numbers of seed from each S^-line were bulked. The popula­
tion crosses were selfed in a similar manner. The population selfs, 
the selfed population crosses, and seed increases of the CO and C5 of 
BS13(SCT) and BSSS2(SCT) were obtained in 1980. These genotypes were 
included in the cold tolerance and agronomic evaluation experiments 
only in 1981. 
Table 2. Genetic materials included in cold tolerance and agronomic 
evaluation experiments 
Additional entries in 
1980-1981 experiments 1981 experiments 
Entry Entry 
no. Genotype no. Genotype 
1 BS13(SCT)C0 21 BS13(SCT)C0 SI 
2 BS13(SCT)C1 22 BS13(SCT)C5 SI 
3 BS13(SCT)C2 23 BSSS2(SCT)C0 SI 
4 BS13(SCT)C3 24 BSSS2(SCT)C5 SI 
5 BS13(SCT)C4 25 BS13(SCT)C0 (80) 
6 BS13(SCT)C5 26 BS13(SCT)C5 (80) 
7 BSSS2(SCT)C0 27 BSSS2(SCT)C0 (80) 
8 BSSS2(SCT)C1 28 BSSS2(SCT)C5 (80) 
9 BSSS2(SCT)C2 29 BS13(SCT)C0 X BS13CSCT)C5 SI 
10 BSSS2(SCT)C3 30 BSSS2(SCT)C0 X BSSS2(SCT)C5 SI 
11 BSSS2(SCT)C4 31 BS13(SCT)C0 X BSSS2CSCT)C0 SI 
12 BSSS2(SCT)C5 32 BS13CSCT)C5 X BSSS2(SCT)C5 SI 
13 BS13CSCT)C0 X BS13(SCT)C5 33 BS13(SCT)C0 X BSSS2CSCT)C5 SI 
14 BSSS2(SCT)C0 X BSSS2(SCT)C5 34 BSSS2(SCT)C0 X BS13(SCT)C5 SI 
15 BS13(SCT)C0 X BSSS2(SCT)C0 
16 BS13(SCT)C5 X BSSS2(SCT)C5 
17 BS13(SCT)C0 X BSSS2(SCT)C5 
18 BS13(SCT)C5 X BSSS2(SCT)C0 
19 Mol7 X A634 
20 B73 X Mol7 
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Evaluation Experiments 
Cold tolerance evaluation experiments 
Cold tolerance traits were evaluated at 11 locations in Iowa, 
Wisconsin, Minnesota, and Nebraska in 1980 and in 1981 (Table 3). 
Planting occurred as early as fields could be prepared for planting. 
Table 3. Cold tolerance evaluation locations and planting dates 
Planting dates 
Locations 1980 1981 
Ames, lA (no-till) April 17 April 1 
Ames, lA April 12 March 26 
Kanawha, IA April 12 March 26 
Washington, lA April 10 April 8 
Madison, WI April 22 April 20 
Olivia, MN April 25 April 9 
Stanton, MN April 18 April 2 
Scotts Bluff, NE April 13 
Algona, lA April 15 April 2 
Nevada, lA —— March 24 
Tekamah, NE April 2 
Percentage of plants which had emerged in a plot was recorded at 
30 days after planting (PE)• Emergence percentage approximately 45 
days after planting also was recorded (PEFF). Number of emerged plants 
for each entry was recorded every two days until 30 days after planting. 
These counts were used to compute rate of emergence (RE) (Smith and 
Millett, 1964). 
gg _ Z(number of plants emerged on a day)(number of days after planting) 
total number of plants emerged at 30 days after planting 
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Total leaf tissue of each plot was harvested at approximately 45 
days after planting, dried to a constant moisture and weighed to the 
nearest 0.01 g (DWP). Seeding dry weight was calculated as total dry 
weight per plot divided by number of plants per plot (SDW). The size 
and leafiness of each plot was visually rated at approximately 45 days 
after planting (SV). The rating was on a 1 to 9 scale with 9 being the 
largest and leafiest plot. 
The experimental design at each location was a randomized complete 
block. Number of replications varied by location and year (Table 4). 
Fifty kernels were planted in each two-row plot. 
Agronomic evaluation experiments 
Agronomic traits were evaluated at 10 locations in 1980 and 1981 
(Table 5). All locations used conventional tillage except as noted. 
SV was recorded before thinning as previously described. Total 
number of plants in the two-row plot were counted before thinning 
(ESC). 
Days to 50% silk was calculated as the number of days from planting 
to the date when 50% of the plants in a plot were showing exsertion of 
silks (DTSK). Days to 50% pollen shed was the number of days from 
planting to the date when 50% of the plants in a plot were showing 
extrusion of anthers (DTSD). Pollen-silk interval was obtained by 
substraction of DTSK from DTSD (PS). 
Ear height was recorded as the distance in cm from the soil 
surface to the point of primary ear attachment on five competitive 
plants in each plot (EHT). Plant height was the distance in cm from 
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Table 4. Number of replications at each location and year for cold 
tolerance evaluations 
Traits 
Location Year SV DWP SDW PE PEFF RE 
Kanawha, IÂ 1980 5 5 5 5 5 5 
1981 5 5 5 5 5 5 
Ames, lA (no-till) 1980 5 5 5 5 5 5 
1981 4 4 4 0 4 0 
Ames, lA 1980 5 5 5 5 5 5 
1981 4 4 4 4 4 4 
Washington, lA 1980 5 5 5 5 5 5 
1981 3 3 3 3 3 3 
Madison, WI 1980 5 5 5 5 5 5 
1981 5 5 5 5 5 5 
Olivia, MN 1980 0 5 5 5 5 5 
1981 3 3 3 3 3 3 
Stanton, MN 1980 5 5 5 5 5 5 
1981 5 5 5 5 5 5 
Scotts Bluff, NE 1980 5 5 5 5 5 5 
Algona, lA 1980 5 5 5 5 5 5 
1981 5 5 5 5 5 5 
Nevada, lA 1981 0 5 5 5 5 5 
Tekamah, NE 1981 0 5 5 5 5 5 
Total (1980 only) 40 45 45 45 45 45 
Total (1981 only) 34 44 44 40 44 40 
Total (1980-1981) 74 89 89 85 89 85 
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Table 5. Agronomie evaluation locations and planting dates 
Planting dates 
Locations 1980 1981 
Ames (no-till), lA April 12 
May 1 
Ames, lA April 12 
May 1 
Ankeny, lA April 26 May 11 
Clarence, lA May 6 
Martinsburg, lA May 5 
Washington, lA April 18 April 8 
May 2 May 16 
Scotts Bluff, NE April 12 
May 2 
St. Joseph, MO April 22 
Imperial, NE May 7 
Tekamah, NE April 10 April 27 
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the soil surface to the flag leaf collar on five competitive plants in 
each plot (PHT). Final stand count was the number of plants in each 
two-row plot at harvest expressed as plants per hectare (FSC). Number 
of plants with tillers expressed as percentage of total number of 
plants per plot was PTIL. Percentage of plants not root lodged was 
calculated as percentage of plants per plot not inclined more than 30® 
from the vertical (NKL). Percentage of plants not stalk lodged was the 
percentage of plants per plot not broken below the ear (NSL). The 
number of dropped ears per plot was recorded just prior to harvest 
(DE). 
Plots were machine harvested and the shelled grain weight per plot 
was expressed in Mg/ha (x 10) CGH). Grain yield per plant was 
calculated as shelled grain weight per plot divided by stand count 
(GPL). Percentage moisture was calculated on a sample of the shelled 
grain of each plot (MST). Shelled grain weight per plot was adjusted 
to 15.5% moisture and expressed as Mg/ha (x 10) (GHM). 
The experimental design at each location was a randomized complete 
block. Number of replications for each location and year are listed 
in Table 6. Seventy-two kernels were planted in each two-row plot. 
Plots were thinned to approximately 59,300 plants per hectare. 
Statistical Procedures 
Analyses of variance 
Analyses of variance across all environments (e.g., each year-
location combination) were computed for all cold tolerance and agronomic 
Table 6. Number of replications at each location and year for 
agronomic evaluations 
Traits 
Location Year SV ESC DTSK DTSD PS 
Ames (no-till), IA • 
April 12 planting 1980 5 5 5 5 5 
May 1 planting 5 5 5 5 5 
Ames , IA 
April 12 planting 1980 5 5 5 5 5 
May 1 planting 5 5 5 5 5 
Ankeny, IA 1980 5 0 5 5 5 
1981 0 5 5 5 5 
Clarence, IA 1981 0 5 0 0 0 
Martinsburg, IA 1980 0 5 0 0 0 
Washington, IA 
April 18 planting 1980 5 5 5 0 0 
May 2 planting 5 5 5 0 0 
April 8 planting 1981 3 3 3 0 0 
May 16 planting 3 3 3 0 0 
Scotts Bluff, NE 
April 12 planting 1980 5 5 5 0 0 
May 2 planting 5 5 5 0 0 
St. Joseph, MO 1980 0 0 0 0 0 
Imperial, NE 1980 0 0 0 0 0 
Tekamah, NE 1980 0 0 0 0 0 
1981 0 0 0 0 0 
Total (1980 only) 45 45 45 25 25 
Total (1981 only) 6 16 11 5 5 
Total (1980-1981) 51 61 56 30 3C 
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Traits 
EHT PHT FSC PTIL mL NSL DE GH GPL MST GHM 
5 5 5 5 5 5 5 5 5 5 5 
5 5 5 5 5 5 5 5 5 5 5 
5 5 5 5 5 5 5 5 5 5 5 
5 5 5 5 5 5 5 5 5 5 5 
5 5 5 5 5 5 5 5 5 5 5 
5 5 5 5 5 5 5 5 5 5 5 
0 0 5 0 5 5 5 5 5 5 5 
0 0 5 5 5 5 5 5 5 5 5 
0 0 5 0 5 5 5 5 5 5 5 
0 0 5 0 5 5 5 5 5 5 5 
3 0 3 0 3 3 3 3 3 3 3 
3 0 3 0 3 3 3 3 3 3 3 
5 0 5 0 0 0 0 5 5 5 5 
5 0 5 0 0 5 0 5 5 5 5 
5 5 5 0 5 5 5 5 5 5 5 
0 0 5 0 5 5 5 5 5 5 5 
5 5 5 0 5 5 5 5 5 5 5 
5 0 5 0 5 5 5 5 5 5 5 
45 35 65 30 55 60 55 65 65 65 65 
16 5 21 5 21 21 21 21 21 21 21 
61 40 86 35 76 81 76 86 86 86 86 
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traits. A Mixed Model (Ostle, 1963) was utilized; entries were con­
sidered fixed effects, and environments (years and locations) were 
random. As noted earlier, the number of replications and environments 
varied by trait. The linear model for the analyses of variance 
combined over environments is as follows: 
- « + Ti + :k + + ««It + «ijk : 
i = 1, 2 ... 20 entries; 
j = 1, 2 — 5 replications; 
k = 1, 2 ... 19 environments for cold tolerance traits; and 
1, 2 — 18 environments for agronomic traits; 
where : 
= observed value of the i^^ entry from the replication 
within the k^^ environment; 
VI = overall mean effect; 
= effect of the i^^ entry ; 
= effect of the k^^ environment ; 
(R/E)., = effect of the replication within the k'^ environment; ] K-
(TE)^j^ = effect of the interaction of the i^^ entry with the k^^ 
environment; and 
6^^ _ error associated with the ijk^^ observation. 
The form and expectation of mean squares for analyses of variance 
over environments for cold tolerance and agronomic traits are given in 
Table 7 and 8, respectively. Total sums of squares were partitioned 
into sums of squares due to environments, replications, entries and 
error. Entry sums of squares were further partitioned in both the cold 
Table 7. Form of the analysis of variance over environments for cold tolerance evaluation 
experiments 
Source df MS E(MS) 
Environments (E) (e-1) MX2 0^  + rta| 
Entries (T) 





2 2 2 
a + ra^g + relÇ 
2 . ^ 2  ,  
® ''^ T^ E + reK^  
Among Checks (Tg) M9 ,2 + + reK^^ 
Among Populations and Crosses (T^) (t-3) M8 a +ro^^g+reK^^ 
BSSS2(SCT) vs BS13(SCT) (T^) 
T X E 
Ti X El 







2 2 2 
a + roy p + reC 
3 3 
2 , 2 
o + 
2 ^  2 
2 . 2 
+ r^TgE 
Tg X E 







Table 8. Form of the analysis of variance over environments for agronomic evaluation experiments 
Source df MS E(MS) 
Environments (E) (e-1) MlO 2  ,  ^ 2  a + rtog 
Entries (T) 
Checks vs Rest (T^) 
(t-1) 
Among Populations and Crosses (Tg) (t-3) 
T X E 
X E 
















2 2 2 
a + ro^g + reK^ 
2 2 2 
a™ + ro „ + reK 
1 ^1 
I, + rolgE + 
2 2 
2 . 2  








tolerance and agronomic evaluations. Expected mean squares for the 
cold tolerance evaluations (Table 7) were used to determine appropriate 
F-tests for environments, entries x environments and the partitioned 
entries x environments mean squares. Entries and the partitioned 
entries mean squares were tested against their respective first-order 
interactions if the interactions were significantly different from 
error. Otherwise the first-order interaction and error were pooled. 
In the agronomic evaluations F-tests for environments were made with 
the error mean square. Entries x environments and the partitioned 
entries x environments mean squares were tested against their 
respective error and the partitioned error mean squares. Entries and 
the partitioned entries mean squares were F-tested against their 
respective first-order interactions if they were significantly different 
from the error. 
Additional analyses of variance were computed for the cold 
tolerance evaluations by partitioning sums of squares due to environ­
ments into sums of squares due to locations and years. These analyses 
were based on data from locations that were used each of the two years 
(Table 5) . The linear model for the analysis of variance with years 
and locations is as follows: 
- « + ?! + tk + 7, + 
'ijkt ' 
i = 1, 2 ... 20 entries; 
j = 1, 2 — 5 replications; 
k = 1, 2 ... 8 locations; 
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2 = 1, 2 years; 
where : 
~ observed value of the entry in the location 
and 2^^ year; 
y = overall mean effect; 
= effect of the i^^ entry; 
= effect of the k^^ location; 
= effect of the 5,^^ year; 
(R/iy.^ = effect of the replication within the k^^ location; 
(TL)^j^ = effect of the interaction of the i*"^ entry with the 
k^^ location; 
CTY)ijj^ = effect of the interaction of the i^^ entry with the 
.th 
& year; 
(TLY)^^^ = effect of the interaction of the 1^^ entry with the 
k^^ location and year; and 
^ijkS, ~ error associated with the ijk£^^ observation. 
The form and expectation of mean squares for the analyses of 
variance on years and locations for the cold tolerance evaluations are 
given in Table 9. The F-tests for years x locations and entries x 
years x locations mean squares were made with the error mean square. 
Entries x years and entries x locations and their partitioned mean 
squares were tested against their respective entries x years x locations 
mean squares. Years and locations mean squares were tested against 
year x location mean squares. An approximate F-test was necessary to 
test entries and partitioned entries mean squares. The term used for 
Table 9. Form of the analysis of variance combined over years and locations for cold tolerance 
experiments 
Source df MS E(MS) 
Years (Y) (y-1) M24 + rtOy^ + rt&Oy 
2 2 2 
Locations (L) (&-1) M23 cr + rtOY^ + rtyo^ 
Y X L (y-l)(A-l) M22 + rtOy^ 
Entries (T) (t-1) M21 + ro^^ + ryo^^ + + r£yK^ 
2 2 2 2 2 
Checks vs Populations (T^) 1 M20 o + ro^ + rya^ ^  + rZa^ ^  + r£yK^ 
Among Checks (T^) 1 M19 + ra^ fyo? ^  y 
2 2 2 2 2 
Among Populations and Crosses (Tg) (t-3) M18 o + ra^ + ryo^ ^  + r&o^ y + r&yK^, 
BSSS2(SCT) vs BS13(SCT) (T^) 1 M17 + ro^ + rya^ ^  + rAo^ ^  + r&yK^ 
4 4 4 4 
T X Y (t-1) (y-1) M16 + RJTO^ 
X Y (y-1) M15 0^ + ROJ + R&OP Y 
Tg X Y (y-1) M14 + ra^ y^ + rAo^ y 
T3 X Y 
T, X Y 
4 
T X L 
X L 
T2 X L 
T3 X L 
T, X L 
4 
T X Y X L 
X Y X L 
Tg X Y X L 
Tg X Y X L 



















2 2 2 
0 + + ryOfL 
+ '"TjYL + "^4^1 
+ C'T^YL + ''\l 
2 ^ 2 
° ^°TYL 
2 . 2 
M5 0 + ro T,YL 
2 2 
° ^TgYL 
2 . „ 2 
(y-l)(A-l)(t-3) M3 a + yL 
2 2 




Table 9. (Continued) 
Source df MS E(MS) 





[SS(T X Y) + SS(T X L)3 - SS(T x Y x L) . 
d.f (T X Y) + d.f. (T X L) - d.f (T x Y x L) 
Analyses of variance were computed for the agronomic evaluations 
by partitioning environments sums of squares into sums of squares among 
early and among normal planting dates. The analyses were based only on 
data from locations with both planting dates. This included Ames 
no-till (1980), Ames (1980), Washington (1980), Washington (1981), and 
Scotts' Bluff (1980). 
The linear model for the analysis of variance with early and normal 
planting dates is as follows; 
- w + ?! + Gk + (K/C)ik + + «ijk : 
i = 1, 2 20 entries; 
j = 1, 2 ... 5 replications; and 
k = 1, 2 — 10 environments; 
where: 
Y.., = observed value of the i^^ entry from the replication 
within the k^^ environment ; 
y = overall mean effect; 
T^ = effect of the i^^ entry; 
= effect of the entry; 
(R/E)., = effect of the replication within the k^^ environment; 
(TE)^^ = effect of the interaction of the i^^ entry with the k^ 
environment ; and 
6.., = error associated with the ijk^^ observation. ij k 
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The form and expectation of mean squares for analyses of variance 
over early and normal planting dates of agronomic evaluations are given 
in Table 10. Total sums of squares were partitioned into sums of squares 
due to environments, entries, entries x environments and error. 
Environments sums of squares were further partitioned into among early, 
among normal, and early vs normal planting dates. Entries were tested 
against environments x entries mean squares. The among populations 
mean squares were tested against environments x among populations mean 
squares. The F-tests for all other mean squares were made with the 
error mean square. 
Analyses of variance by years over locations also were computed 
for cold tolerance and agronomic evaluations. The linear model for the 
analyses of variance was: 
?iik - w + Ti +1% + + tt«ik + ««k ; 
i = 1, 2 ... 20 entries (1980) or 34 entries (1981); 
j =1, 2 ... 5 replications; and 
k = 1, 2 — 9 locations (e.g., DWP for 1980); 
where: 
Y.., = observed value of the i^^ entry from the replication 
ij k 
within the k^^ environment; 
y = overall mean effect; 
f H 
T^ = effect of the i "" entry; 
= effect of the k*"^ location; 
(R/L) = effect of the replication within the k^^ location; jk 
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Table 10. Form of the analyses of variance over environments with 
early and normal planting dates 
Source df MS E(MS) 
2 2 
Environments (E) (e-1) M14 a + rtg^ 
Among Early (E^) (e^-1) M13 + rtg^ 
Among Normal (Eg) (e^-l) M12 + rto^ 
1 
E 2 
Early vs Normal (E_) 1 Mil + rto^ 
3 E3 
Entries (T) (t-1) MlO + ra^^ + reK^ 
Among Populations (T^) (t-3) M9 + ro^ g + reK^ 
T X E (t-1) (e-1) M8 + ra^^ 
X E (t-3) (e-1) M7 + ra^ ^  
T X E^ (t-l)(e^-l) M6 
X E^ (t-3)(e^-l) M5 + raj^^^ 
T X Eg (t-1) (Gg-l) M4 cj2 ^ 
X Eg (t-3) (eg-l) M3 + raj ^  
12 
rt-Ti M2 2 . 2 i X 63 It-l/ c + 
X E3 (t-3) Ml ^2 ^  
Error (r-1)(t-1)(e) 
55 
(TL)^^ = effect of the interaction of the i^^ entry with the 
location; and 
= error associated with the ijk^^ observation. 
The form and expectation of mean squares for the analysis of vari­
ance for each year over locations are given in Table 11. The error mean 
square was used in the F-test of entries x locations, partitions of 
entries x locations, and locations mean squares. Entries and the parti­
tioned entries mean squares were tested against their respective first-
order interaction unless they were not significant from error. 
Analyses of variance within early and normal planting dates were 
computed for agronomic evaluation experiments. Early planted environ­
ments included Ames (April 12, 1980), Ames no-till (April 12, 1980), 
Washington (April 18, 1980), Washington (April 8, 1981), Scotts' Bluff 
(April 12, 1980), and Tekamah (1980) (Table 5). The remaining 12 
environments were considered normal planting dates. 
The linear model for the analyses within planting dates was the 
same as the analyses by years over locations except numbers of 
locations were different. The form and expectation of mean squares 
for the analyses within planting dates are given in Table 12. The F-
tests performed were similar to the analysis by years over locations. 
Genetic gain model 
The genetic model for evaluating progress from recurrent selection 
(Hammond and Gardner, 1974; Smith, 1979) was utilized to obtain 
estimates of changes in allelic frequencies and types of allelic 
effects involved. Direct gain from selection for cold tolerance traits 





Checks vs Populations (T^) 
Among Checks (Tg) 
Among Populations and Crosses (T^) 
BSSS2(SCT) vs BS13(SCT) (T^) 
BSSS2(SCT) selfs vs BS13(SCT) selfs (T^) 
BSSS2(SCT) 1979 source vs 1980 source (T^) 
BS13(SCT) 1979 source vs 1980 source (T^) 
BS13(SCT) vs BS13(SCT) selfs (Tg) 
BSSS2(SCT) vs BSSS2(SCT) selfs (Tg) 
locations within a year for cold tolerance 




M24 0^ + rto^ 
' • 4 M23 o + ra„, + r&K^ 
M22 + roy , + rAxf 
1 1 
M21 0 + ro^ ^  + r&K^ 
t-3) M20 o + rOp ^  + rAK^ 
M19 0 + ra^ ^  + r&K^ 
M18 0^ + rcrj + rAK^ 
M17 0^ + vol , + TUKI 
^6^ ^6 
M16 
M15 0^ + roy + rAld 
^8^ ^8 
M14 0^ + rai , + r&K^ 
TgL Tg 
Population Crosses vs Selfed Population Crosses (T^g 
T X L 
X L 
Tg X L 
T3 X L 
T4 ^  L 
T5 X L 
T g X L  
Ty X L 
T g X L  
Tg X L 

















Ml 3 a + ra„ , 
10 
2 2 
M12 a + ra^^ 
2 2 
Mil a + ro^ ^  
2 2 
MIO 0 + ro^ ^  
2 2 
M8 a + ro^ ^  
M7 
2 2 
M6 0 + ro„ . 
M5 0^ + ro^ ^  
2 2 
M4 0 + ro 
2 • 2 
M3 0 + r0^ ^  
2 2 
M2 o + r0„ . 
10 
Ml 0^ 
Table 12. Form of the analysis of variance combined over locations within early or normal 
planting dates for agronomic evaluations 




Checks vs Rest (T^^) 
Among Populations and Crosses (Tg) 
T X L 
X L 























a + rto^ 
2 2 2 
a + + r&K^ 
+ r£K^^ 
2 . 2 
a + ra^L 
2 , 2  







was partitioned into homozygous and heterozygous effects and an estimate 
of drift due to restricted population size was obtained. Correlated 
changes in agronomic traits were also estimated. 
Populations and population crosses were defined in terms of allelic 
frequency and effects so differences among populations could be parti­
tioned into estimates of genetic gain and drift. I assumed that (1) 
the unselected populations were in Hardy-Weinberg equilibrium, C2) 
diploid inheritance, (3) two alleles would be found per locus, and (4) 
epistasis was not important in the populations. The mean of the 
unselected CO cycles were expressed as (Falconer, 1960): 
p^a + 2p (1-p )d - (1-p )^a = (2p -l)a + 2p (1-p )d ; 
where: 
p^ = frequency of the favorable allele in the unselected 
population; 
(1-p^) = frequency of the less favorable allele; 
a^ = genotypic difference between the homozygotes, or the 
homozygous effect of the i^" locus; 
d^ = departure of the heterozygote due to dominance from the 
mean of the two homozygotes, or the heterozygous effect 
of the i*"^ locus. 
Means of the other cycles and population crosses in this study 
were similarly defined. 
The following genetic parameters can be defined in terms of initial 
allelic frequency and allelic effects (Hammond and Gardner, 1974; 
Smith, 1979). 
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AQ = V + (2p-l)a = the contributions of the homozygous or additive 
effects to the unselected population; 
Dq = p(l-p)d = the contributions of the heterozygous or dominance 
effects to the unselected population; 
= Apa = Ap[a + dCl-2p)] = the partial linear regression 
coefficient of the change in allelic frequency weighted by the average 
effect of an allelic substitution in the population; 
= ApCl-2p)d = the partial linear regression coefficient of 
heterozygous contributions for the population regressed on cycles 
of selection Cregression coefficient of the changes in allelic 
frequency, due to selection, of alleles with dominance effects); 
R = Ap d = the partial regression coefficient due to drift of 
the population regressed on cycles of selection. R is a measure 
of drift due to restricted population size and is primarily a function 
of allelic frequencies in the unselected population; 
H = Cp-p')^d = the heterosis in the cross of the and prime 
populations; 
where: 
li = mean of nonsegregating loci; 
Ap = change in frequency of the i^^ allele in the population; 
The means of the various populations derived can be then expressed 
as: 
CO . Aj, + 2D(,; 
= C2p-l)a + 2pCl-p)d; 
CO CS^-bulk) = Aq + Dq: 
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CO (S^-bulk) = (2p-l)a + p(l-p)d; 
CN = Aq + 2DQ + 2A + 2R; 
= (2p-l)a + 2p(l-p)d + 2Apa - 2Ap^d; 
CN CS^-bulk) = Aq + Dq + 2A - + R; 
= C2p-l)a + p(l-p)d + 2Apa - Ap(l-2p)d - Ap^d; 
CO X CN = Aq + 2DQ + A^; 
= (2p-l)a + 2p(l-p)d + Apa; 
CO X CO' = Aq + 2DQ + H; 
= (2p-l)a + 2p(l-p)d + (p-p')^d 
CN X CN' = Aq + 2DQ + A^ + A , + H; 
= (2p-l)a + 2p(l-p)d + Apot + Ap'a + (p-p')^d 
Estimates of the genetic parameters were obtained for cold 
tolerance and agronomic trait data combined over all environments 
(Tables 7 and 8, respectively), by years over locations for cold 
tolerance traits (Table 11), and within early and normal agronomic 
evaluations CTable 12). Among populations and population crosses 
sums of squares from the standard analysis of variance were parti­
tioned into estimates of the genetic parameters. Predicted entry 
means were calculated using the least square estimates based on entry 
means. These were equated to the equations previously defined and 
the parameters simultaneously solved for. Several successively reduced 
models were fitted for each trait. Genetic parameters were considered 





= element in the i^^ row and i^^ column of the (X'X) ^  matrix; 
2 
= among population x environment mean square (pooled with 
error mean square if not significant); 
n = number of replications, years and locations. 
Realized gain was calculated as: 
AG = 2CApa) 
Stability analysis 
The responses of all genotypes across environments were charac­
terized using three stability analyses to determine if selection had 
altered genotype x environment interactions for cold tolerance traits. 
The Eberhart-Russell analysis was used to calculate a linear 
regression for each entry on an environmental index of mean performance 
of all entries (Eberhart and Russell, 1966). The regression model used 
was as follows: 
^ij = Pi + Bi ; 
i = 1, 2 ... 20 entries; and 
j  = 1 ,  2  —  1 7  e n v i r o n m e n t s  C e . g . ,  D W P ) ;  
where : 
= mean of the i^^ entry at the environment; 
= mean of the i^^ entry over all environments; 
= regression coefficient measuring the response of the i^^ 
entry to varying environments; 
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= deviation from regression of the i^^ variety at the 
environment ; and 
I. = environmental index obtained as the mean of all entries at the 
2 
environment minus the grand mean (Z^Y^^/t) - (Z^Z^Y^^/te), 
Zjlj = 0; where: 
t = number of entries; and 
e = number of environments. 
The overall means at each environment used in the Eberhart-Russell 
analysis are shown in Table 13. 
Table 13. Means over 20 entries at each cold tolerance evaluation 
environment used in the Eberhart-Russell stability analysis 
Location Year DWP SDW PEFF PE SV 
Ames, lA (no-till) 1980 5.88 0.204 54.12 37.62 1.51 
1981 4.60 0.133 65.33 3.30 
Ames, lA 1980 36.72 1.026 70.14 69.88 4.49 
1981 16.78 0.386 86.74 79.56 4.41 
Kanawha, lA 1980 16.90 0.437 76.32 58.44 3.95 
1981 14.54 0.327 88.74 73.86 5.53 
Washington, lA 1980 15.64 0.484 61.96 57.58 4.56 
1981 48.26 1.089 89.00 91.50 5.07 
Madison, WI 1980 99.41 2.113 93.98 91,30 1.17 
1981 37.53 0.817 91.80 91.80 4.58 
Olivia, MN 1980 147.44 3.396 86.20 80.49 ' • — 
1981 25.08 0.555 89.90 86.13 5.98 
Stanton, MN 1980 160.46 3.397 94.72 92.66 6.40 
1981 3.43 0.080 85.06 25.44 6.11 
Algona, lA 1980 74.90 1.621 92.22 91.38 6.92 
1981 9.12 0.201 89.36 64.94 4.49 
Tekamah, NE 1981 10.36 0.233 88.82 89.12 —— 
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The form of the analysis of variance for the Eberhart-Russell 
stability analysis is given in Table 14. The environments and entries x 
environment sums of squares were partitioned into environments (linear), 
entries x environments (linear) and deviations from regression. Entry 
mean squares were tested against entries x environments. Environments, 
entries x environments, pooled and individual entry deviations and 
environments (linear) mean squares were tested using the pooled error. 
Entry x environments (linear) mean square was tested with the pooled 
deviations mean squares. 
Eberhart and Russell concluded that the stability of a genotype 
could be defined using two parameters, deviations from regression and 
the regression coefficient. The regression coefficient is defined as: 
^i " ' 
The standard error of the regression coefficient is: 
s.e.(b) = (—^) 
Ex 
where : 
2 S = pooled deviation mean square; 
yx 
= index sums of squares; 
Genetic differences among regression coefficients were tested by 
the L.S.D. = [s.e.Cb) x (2) ^  x 1.96]. 
The proportion of total G x E accounted for by this analysis was 
calculated as: 
I (Pooled Regression SS - Environments SS)/G x E SS] x 100 
Table 14. Form of the analysis of variance for the Eberhart-Russell stability analysis 
Source (If S.S. MS 
Entries (T) 
Environments (E) 
T X E 
E (linear) 
























The second stability analysis used was the Freeman-Perkins (1971) 
analysis using an independent index based on temperature. 
The regression model used was as follows: 
Yi- = + BiClj) + «ij 
i = 1, 2 — 20 entries; and 
j =1, 2 ... 17 environments (e.g., DWP); 
where: 
Yj,j = mean of the i^^ entry at the environment; 
= mean of the i^^ entry over all environments; 
= regression coefficient measuring the response of the i^^ 
entry to varying environments; 
6^^ = error term; 
= environmental index obtained as the accumulated heat unit 
value at the environment minus the overall mean 
accumulated heat unit value; 
I.  Ck. - X), X.I.  0; 
where: 
X. = accumulated heat unit value at the environment; 
J 
X = overall mean accumulated heat unit value over all 
environments. 
Accumulated heat units for each environment were calculated as: 
ZÎ(Minimum daily temperature + Maximum daily temperature) - 50*F]. 
Table 15 lists the heat units accumulated at each environment by 
30 days after planting (for PE) and 45 days after planting (for SD¥, 
DWP, and SV). 
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Table 15. Cold tolerance evaluation locations and accumulated heat 
units at 30 and 45 days after planting 
Location Year 30 days 45 days 
Ames (No-till) 1980 338 543 
1981 318 531 
Ames, lA 1980 338 543 
1981 318 531 
Kanawha, lA 1980 326 620 
1981 317 643 
Washington, lA 1980 302 516 
1981 371 557 
Madison, WI 1980 199 475 
1981 205 389 
Olivia, MN 1980 335 666 
1981 196 507 
Stanton, MN 1980 330 641 
1981 234 334 
Algona, lA 1980 321 612 
1981 233 474 
Tekamah, NE 1981 326 500 
The form of the analysis of variance for the Freeman-Perkins 
stability analysis is given in Table 16. Environments sums of squares 
were partitioned into combined regression and residual sums of squares. 
Entries x environments were partitioned into heterogeneity of regressions 
(differences of individual regression lines from the combined regression 
line over all genotypes) and residual sums of squares. Entries were 
tested against entries x environments mean squares. Combined regression 
mean squares were tested against the residual mean squares within 
environments. Environments, residual within environments, entries x 
environments, heterogeneity of regressions and residual (within entries 
Table 16. Form of the analysis of variance for the Freeman-Perkins stability analysis 





T X E 












by subtraction from E 
- c-f-
by subtraction from T x E 
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X environments) mean squares were tested using pooled error. 
The regression coefficients were defined as: 
b. = Z.Y..I./Z.I.2 
1 J iJ J J J 
Regression coefficients were compared using a t-test if heterogeneity 
of regressions mean squares was significant (Freeman and Perkins, 
1971): 
L.S.D. = [S.E.Cb) X C2)"^ X 1.96] ; 
where: 
-J£ 
S.E.(b) = (—^) 
Sx 
2 S y ^ = pooled deviation mean square; 
2 Ex = index sums of squares. 
The proportion of total G x E accounted for by this analysis was 
calculated as: 
[Heterogeneity Among Regression SS/G x E SS] x 100 
A third stability analysis was used in this study in an attempt to 
avoid the statistical objections to a dependent index. Moll et al. 
(1978) used an analysis where the i^^ entry was regressed on the mean 
of all other entries excluding the i^^ entry (Mather and Calxgari, 
1974). Moll et al. (1978) showed that the entries x environments sums 
of squares can be expressed as: 
SS(JE)^^, = - S^,)^/t] + [2E^^^,(l-r_,)S^S^,/t] ; 
i = 1, 2 — t entries; 
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= mean of the entry in the environment; 
= mean of the i^^ entry over environments; 
^ii' " ^ii'^^i^i'' 
= Z^y^jy^fj; the sum of products of the means of the 
1^^ and entries over environments. 
The entry x environment sums of squares (Table 17) thus can be 
divided into two parts. One part is the contribution due to differences 
in responsiveness among entries or magnitudinal differences among 
2 
entries across environments QS^ - S^,] ). The other part represents 
differences in correlations between responses of pairs of entries over 
environments, or ranking differences C2ll-r^^,]Sj^S^,). 
The analyses used by Moll calculates the following parameters 
(Moll et al., 1978): 
^iï = Ct-l)S.Z.r^Y^[E^Sj^ + ZE^^j.r^j.S.S^] ; 
where: 
b^Y ~ coefficient of regression of the i^^ entry on an index 
of environmental means excluding the i^^ entry; 
SS(d/T) = sums of squares for deviations from regression when 
b^-j was calculated; 
2 2 S. = Z.y sums of squares over all environments for each 
I J 
entry; and 
r.-r = Z—r..,/t-l; average of the correlations of the i^^ II 1 IX 
entry with each of the others. 
The standard error of the regression coefficient is: 
Table 17. Form of the analysis of variance for the Moll stability analysis 
Source df S.S, 
Entries (T) (t-1) 
Environments (E) (e-1) 
T X E (t-l)(e-l) CiZj?!,') - - (|£jV /) - C.P. 
Due to differences in 
responsiveness among entries 
(t-1) E,[(Z(Y,, - yj ) - (Z(Y,, - \ i , )  )  n  ij "i' ij "1' 
Due to differences in 












S y ^ = deviation mean square for each entry; and 
2 
Zx = index sums of squares. 
Individual entry deviation mean squares were tested using the 
pooled error. 
Moll et al. (1978) stated that if the correlations are homo­
geneous then the regression is approximately; 
= Si/Si. : 
where: 
— til 
= average value of for all except the i entry. 
If the sums of squares over all environments for each entry (S^^) 
are homogeneous then the regression coefficient is: 
^il " ^ t-1 ^ ' 
where : 
r/j = r-^r-^^/t-1; and 
r^ = 2E^^Y»^^i^i/Ct-l) (t-2) . 
Simple product-moment correlations between regression coefficients 
and b-values in terms of either or r's were calculated to determine 
which type of b-value gave the best approximation of the regression 
coefficient. 
The proportion of total G x E accounted for by this analysis was 
calculated as : 
[(Pooled Regression SS - Environments SS)/G x E SS] x 100 
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RESULTS 
Cold Tolerance Traits 
Cold tolerance evaluation environments covered a broad range of 
early season growing conditions even though all environments were 
planted as close to 1 April as possible. In general, 1980 was warmer 
than 1981 at all locations. Environmental means ranged from 23.9% for 
PE and 0.08 grams/plant for SDW at Stanton, MN, 1981 to 92.7% for PE 
and 3.40 grams/plant for SDW at Stanton, MN, 1980. 
Data for cold tolerance traits across all environments are 
presented in Tables 19 and 20. Cold tolerance evaluation environments 
were significantly different for all traits. Differences among the 
checks (Mol7 x A634 and B73 x Mol7), and among populations and crosses 
for DWP, SDW, PE, PEFF, and SV also were significant. The selected 
cycles of BS13(SCT) and BSSS2(SCT) had significantly higher DWP, SDW, 
PE, PEFF, and SV than did unselected cycles. DWP, for example, was 
increased from 31.5 to 40.2 grams/plot in BS13CSCT) and from 37.1 to 
44.4 grams/plot in BSSS2(SCT). PE was increased in BS13(SCT) from 63.2% 
to 75.3%. The C5 x C5 population cross produced significantly greater 
DWP and SDW and e^ibited better PEFF, PE, and SV than did the CO x CO 
cross. Results showed that recurrent selection increased SV from 3.9 
to 5.4 and PE from 68.4% to 80.1% in the population cross (Table 20). 
Mol7 X A634 had lower PE and PEFF than any other entry in the 
experiment. The mean DWP of all other entries was 41.1 
grams/plot whereas the mean DWP for Mol7 x A634 was 28.9 grams/plot. 
Table 19. Mean squares for combined analyses of variance over 




Environments (E)^ 18 222909.30** 
Entries (T) 19 2111.35** 
Checks vs populations (T^) 1 1465.58** 
Among checks (Tg) 1 13493.71** 
Among populations and crosses (T^) 17 1479.79** 
BSSS2(SCT) vs BS13(SCT) (T^) 1 1867.77 
T X 342 310.86** 
% E 18 147.72 
T2 X E 18 1564.25** 
Tg X E 306 246.73 
T4 X E 18 441.79** 
Error^ 1319 218.14 
^Degrees of freedom for environments: DWP, SDW, and PEFF = 18; 
RE and PE = 17; SV = 15. 
^Degrees of freedom for entries x environments: DWP, SDW, and 
PEFF = 342; RE and PE = 323; SV = 285. 
''Degrees of freedom for error: DWP and SDW = 1319; PEFF = 1323; 
PE = 1269; RE = 1242; SV = 1171. 
*,**Significant at the 5% and 10% probability levels, respectively, 
in this and all following tables. 
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Mean squares 
SDW PEFF RE PE SV 
103.319** 17537.65** 2352.66** 39383.59** 240.83** 
0.720** 1697.64** 5.02 2584.22** 17.06** 
0.181 5419.60** 5.74 11929.42** 3.22 
3.521* 11942.49** 8.64 11694.71** 44.33** 
0.587** 876.06** 4.76 1498.59** 16.27** 
1.010 82.41 26.19 860.14 8.99 
0.140** 126.33** 9.46** 218.84** 2.02** 
0.102 148.24** 25.50** 411.66** 1.93** 
0.587** 349.64** 19.55** 670.76** 7.98** 
0.116* 111.90** 7.92** 180.91** 1.68** 
0.231** 164.86** 16.48** 330.40** 2.70** 
0.099 63.20 5.34 97.02 0.95 
Table 20. Means for cold tolerance traits over all environments for 20 entries^ 
DWP SDW PEPF RE PE SV 
(g/plot) (g/plant) (%) (days) (%) (1 to 9) 
BS13(SCT)C0 31.45 0.753 74.65 17.47 63.22 3.5 
CI 37.61 0.877 79.82 17.62 69.41 4.0 
C2 38.88 0.895 79.03 17.71 69.53 4.1 
C3 40.72 0.933 80.04 17.02 71.36 4.4 
C4 41.98 0.931 83.31 17.29 74.87 4.2 
C5 40.18 0.913 83.12 17.55 75.27 4.2 
BSSS2(SCT)C0 37.05 0.868 77.08 17.66 67.45 4.2 
CI 38.90 0.910 76.67 17.54 68.21 3.7 
C2 38.22 0.865 80.83 17.68 73.05 3.9 
C3 44.93 1.025 81.71 17.77 72.94 4.3 
C4 42,09 0.966 82.19 17.59 74.64 4.5 
C5 44.39 1.013 84.72 17.88 78.31 4.8 
BS13(SCT)C0 X BS13(SCT)C5 38.48 0.911 80.31 17.82 71.98 4.5 
BSSS2(SCT)C0 X BSSS2(SCT)C5 43.07 0.963 84.81 17.47 74.87 4.8 
BS13(SCT)C0 X BSSS2(SCT)C0 38.81 0.907 78.90 17.40 68.40 3.9 
BS13(SCT)C5 X BSSS2(SCT)C5 49.00 1.090 87.01 17.67 80.13 5.4 
BS13(SCT)C0 X BSSS2(SCT)C5 44.09 1.029 80.63 17.65 72.44 4.6 
BSSS2(SCT)C0 X BS13(SCT)C5 43.89 0.990 83.53 17.80 76.47 4.6 
Mol7 X A634 28.88 0.758 66.97 17.89 55.25 3.7 
B73 X Mol7 46.29 1.040 83.35 17.12 71.84 4.7 
Overall mean 40.45 0.932 80.43 17.58 71.48 4.5 
L.S.D. (0.05) 5.18 0.056 1.68 0.92 4.45 0.5 
^Number of replications used for each mean; DWP, SDW, and PEPF = 89; RE and PE = 85; SV = 74. 
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Entries x environment interactions were significant for DWP, SDW, PEFF, 
PE, and SV but were smaller than their main effects (Table 19). For 
example, the entries x environment mean square was 126.3 and the 
entries mean square was 1697.6 for PEFF. 
No significant differences among entries existed for RE. Entries x 
environment interactions were significant and were generally larger than 
1 
the corresponding entries mean squares. For example, the entries x 
environment mean square was 9.46 and the entries mean square was 5.02. 
Parameter estimates from the genetic gain analyses over environments 
(Hammond and Gardner, 1974; Smith, 1979) provided information on 
changes in allelic frequencies and allelic effects for the cold 
tolerance evaluations over environments (Table 21). Estimates of AQ or 
the mean of nonsegregating loci plus contributions of homozygous or 
additive effects to the unselected population were significant for BS13 
and BSSS2 for all traits. Changes in allelic frequency due to selection 
weighted by the average effect of an allelic substitution (Apa) also 
were significant for all traits except for BE. 
Estimates of Dq, contributions of heterozygous or dominance effects 
to the unselected populations, were significant for all traits except EE 
(Table 21). or changes in allelic frequency, due to selection, of 
alleles with dominance effects was significant only for SV in BSSS2(SCT). 
Data in Table 21 showed that changes in frequency of heterozygotes 
due to drift (2R) were significant for DWP, SDW, PEFF, and SV for both 
populations. Estimates of drift were larger in BSSS2(SCT) than they 
were in BS13(SCT). Genetic drift was -0.72 grams/cycle in BSSS2(SCT) 
Table 21. Parameter estimates from the genetic gain analyses for cold 
tolerance traits over all environments 
Parameter DWP SDW PEFF 
(g/plot) (g/plant) (%) 
AQ CBS13)^ 10.29* ± 1.57 0.272* ± 0.032 74.10* ± 2.37 
AQ (BSSS2) 10.29* ± 1.57 0.272* ± 0.032 74.10* ± 2.37 
DQ CBS13)^ 2.41* ± 0.90 0.043* ± 0.018 3.73* ± 1.35 
Dq 0BSSS2) 2.36* ± 0.90 0.042* ± 0.018 2.87* ± 1.35 
Apa (BS13)^ 0.94* ± 0.03 0.017* ± 0.001 0.99* ± 0.02 
Apa (BSSS2) 1.10* ± 0.03 0.021* ± 0.001 0.97* + 0.02 
(BS13)® -0.18 ± 0.15 -0.003 ± 0.003 -0.23 ± 0.23 
CBSSS2) -0.26 ± 0.15 -0.005 ± 0.003 -0.12 ± 0.23 
2R (BS13)^ -0.15* ± 0.06 -0.006* ± 0.001 -0.38* + 0.04 
2R (BSSS2) -0.72* ± 0.06 -0.011* ± 0.001 -0.67* + 0.04 
H (BS13 - BSSS2)^ 4.31* ± 0.13^ 0.096* ± 0.0028 3.01* ± 0.09 
4.49* ±0,13^ -0.009 ±0.0028 0.49* ± 0.09 
^Estimated from 1981 data with 34 entries. 
^Estimated from 1980-1981 data with 20 entries. 
^Heterosis in the CO population cross. 




16.68* ± 0.98 
16.68* ± 0.98 
0.13 ± 0.56 
0.47 ± 0.56 
0,06 ± 0.03 
0.01 ± 0.03 
-0.11 ± 0.09 
0.02 ± 0.09 
-0.04 ± 0.09 
0.05 ± 0.09 
-0.17 ±  0 .22  
-0.02 ± 0.22 
PE 
(%) 
55.27* ± 3.43 
55.27* ± 3.43 
5.41* ± 1.96 
6.63* ± 1.96 
1.26* ± 0.12 
0,81* ± 0.12 
-0.44 ± 0.33 
-0,31 ± 0.33 
-0.51 ± 0.45 
-0,17 ± 0.45 
3.07* ± 0.81 
1.65* ± 0.81 
SV 
(1 to 9) 
3.44* ± 0.35 
3.44* ± 0.35 
0.47* ± 0.20 
0.55* ± 0.20 
0.13* ± 0.02 
0.14* ± 0.02 
-0.06 ± 0.03 
-0.10* ± 0.03 
-0.11* ± 0.05 
-0.16* ± 0.05 
0.06 ± 0.11 
0.19 ± 0.11 
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and -0.15 grams/cycle in BS13(SCT) for DWP, and -0.11 grams/cycle in 
BSSS2(SCT) and -0.006 grams/cycle in BS13(SCT) for SOW. Heterosis 
between the original populations of BS13(SCT) and BSSS2(SCT) was 
significant for DWP, SDW, PEFF, and PE. Heterosis in the C5 x C5 
population cross was significant for DWP. The estimates of heterosis 
in the C5 population cross were also significant for PEFF and PE but 
were smaller than heterosis in the CO population cross. For example, 
heterosis was 3.01% in BS13(SCT)C0 x BSSS2(SCT)C0 and was 0.49% in the 
C5 x C5 cross for PEFF. 
Realized gains free from effects of drift were calculated as twice 
the change in allelic frequency weighted by the average effect of an 
allelic substitution (.2Apa) (Table 22). Significant gain due to selec­
tion was realized for all cold tolerance traits except RE. Relatively 
greater gain was realized in BS13(SCT) than in BSSS2CSCT) for PE and SV. 
Genetic gain for PE was 3.99%/cycle in BS13CSCT) and 2.40%/cycle in 
BSSS2(SCT). Gains were comparable for all other traits in both popula­
tions. Greater gain was realized in SV C7.05%/cycle averaged over 
populations) than in the three traits used as selection criterion, SDW 
(4.68%/cycle), RE (nonsignificant gain) and PE (3.20%/cycle). 
Observed means differed dramatically from the least squares 
estimates of genetic gain unbiased by drift, showing the effects of 
sampling and drift due to restricted population size (Figures 1 through 
10). Observed means were lower than genetic gain until the second 
cycle in BSSS2(SCT) for PE (Figure 8). Least squares estimates of 
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Cycles of selection 
Figure 1. Observed means (•) and least squares estimates of genetic 
gain unbiased by genetic drift (o) in BS13(SCT) over all cold 







0 2 3 4 5 1 
Cycles of selection 
Figure 2. Observed means (#) and least squares estimates of genetic 
gain unbiased by genetic drift Co) in BSSS2(SCT) over all 

















0 4 5 2 1 3 
Cycles of selection 
Figure 3. Observed means C*) and least squares estimates of genetic 
gain unbiased by genetic drift (o) in BS13CSCT) over all 
















Cycles of selection 
Table 4. Observed means (•) and least squares estimates of genetic 
gain unbiased by genetic drift Co) in BSSS2(SCT) over all 















0 1 2 3 
Cycles of selection 
Figure 5. Observed means (•) and least squares estimates of genetic 
gain unbiased by genetic drift (o) in BS13(SCT) over all 
















0 1 2 4 3 5 
Cycles of selection 
Figure 6. Observed means (•) and least squares estimates of genetic 
gain unbiased by drift (o) in BSSS2(SCT) over all cold 


















0 2 1 5 3 
Cycles of selection 
Figure 7. Observed means (•) and least squares estimates of genetic 
gain unbiased by drift (o) in BS13(SCT) over all cold 














2 4 3 0 5 1 
Cycles of selection 
Figure 8. Observed means (•) and least squares estimates of genetic 
gain unbiased by drift (o) in BSSS2CSCT) over all cold 








0 5 1 2 3 
Cycles of selection 
Figure 9. Observed means (•) and 
gain unbiased by drift 
tolerance environments 
least squares estimates of genetic 










0 1 2 3 5 4 
Cycles of selection 
Figure 10. Observed means C«) and least squares estimates of genetic 
gain unbiased by drift Co) in BSSS2(SCT) over all cold 
tolerance environments for SV 
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Table 22. Realized gain for cold tolerance traits over all 
environments 
DWP SDW PEFF RE PE SV 
(g/plot) (g/plant) (%) (days) (%) (1 to 9) 
AG (BS13) 1.88* 0.034 1.98 NS^ 2.52 0.26 
5.98^ 4.515 2.65 NS 3.99 7.43 
AG (BSSS2) 2.20 0.042 1.94 NS 1.62 0.28 
5.94 4.839 2.52 NS 2.40 6.67 
^AG in actual units/cycle. 
^NS = Nonsignificant at the 5% probability level in this and all 
following tables. 
^AG in %/cycle (% of CO mean). 
SV would suggest for BSSS2(SCT) (Figures 6 and 10). Observed means were 
only higher than genetic gain estimates in the third cycle for DWP and 
SDW in BSSS2(SCT) (Figures 2 and 4). Observed means of BS13(SCT) were 
higher than least squares estimates of genetic gain through the fourth 
cycle for DWP, SDW, and PE (Figures 1, 3, and 7). Genetic gain estimates 
were lower than observed means in BS13(SCT) through the second and third 
cycles for PEFF and SV, respectively (Figures 5 and 9). 
The analyses of variance combined over years and locations for cold 
tolerance traits were performed to determine whether years, locations or 
the random effects of year-location combinations were more important for 
cold tolerance traits (Table 23). Effects of years and locations were 
not significant for PE, PEFF, and SV. However, years x locations means 
squares were highly significant for these traits. Most of the differences 
among entries were explained by differences among the populations and 
Table 23. Mean squares for analyses of variance combined over years 
and locations for cold tolerance traits of 20 entries 
Mean squares 
Source df DWP 
Years (Y) 1 962423.20 
Locations (L) 7 207178.47 
Y X L* 7 185384.05** 
Entries (T) 19 2278.04 
Checks vs populations (Ti) 1 1690.29 
Among checks (T2) 1 13678.11 
Among populations and crosses CTJ 17 1642.02 
BSSS2(SCT) vs BS13(SCT) (T4) 0 1 2249.87 
T X Y 19 1134.54** 
X Y 1 0.17 
Tg X Y 1 7493.33** 
Tg X Y 17 827.22** 
T4 X Y 1 2412.79** 
T X 133 362.29** 
X L 7 226.85 
Tz X L 7 1965.22 
T3 X L 119 275.97 
X L 7 436.48 
T X Y X 133 238.11 
X Y X L 7 118.83 
Tg X Y X L 7 838.04** 
Tg X Y X L 119 209.84 
T4 X Y X L 7 299.65 
Error^ 1095 261.61 
degrees of freedom for L and Y x L: DWP, SDW, and PEFF = 7; BE, 
PE, and SV = 6. 
^Degrees of freedom for T x L and T x Y x L: DWP, SDW, and PEFF = 
133; RE, PE, and SV = 114. 
'"Degrees of freedom for error: PEFF = 1095; DWP and SDW = 1091; 
RE = 957; PE = 965. 
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Mean squares 
SDW PEFF EE PE 
>02.123* 18891.92 958.20 13010.99 153.35 
94.131 24330.02 3632.90 22643.76 386.91 
81.162** 5700.52** 1745.52** 51378.77** 167.44** 
0.779 1291.74** 7.66 1832.20** 15.13** 
0.187 4687.61 25.68 11342.77 4.53 
3.567 7735.81 3.34 5902.89 29.12 
0.650 712.91* 6.86 1033.30** 14.93** 
1.129 212.77 23.13 636.61 7.95 
0.466** 135.20 30.63** 290.43 1.66 
0.028 141.90 97.01* 1150.36 0.01 
2.521** 415.01 47.53 779.56 4.64 
0.371** 118.35 25.73** 211.08 1.58 
1.287** 63.31 57.03 16.83 5.03* 
0.165** 133.86 8.11 209.02 2.20 
0.157 164.75 27.50 470.54 0.82 
0.763 302.76 11.31 791.62 9.36 
0.131 118.76 6.75 159.37 1.86 
0.231 284.57** 16.37 711.90 3.37** 
0.111 114.20** 7.26** 208.99** 1.98** 
0.089 122.64** 16.11** 310.68** 3.67** 
0.330** 350.21** 18.99** 479.63** 6.34** 
0.100 99.83** 6.05* 187.09** 1.62** 
0.158 74.46 14.91** 581.56** 1.76 
0.118 60.55 4.45 93.17 1.00 
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crosses. Mean PEFF, PE, and SV performance of each entry generally did 
not change across years or locations as evidenced by the nonsignificant 
entry x year and entry x location mean squares. For example, 
BS13(SCT)C5 X BSSS2(SCT)C5 had the highest PEFF of _all entries in both 
years and had 8.2% higher PEFF than the CO population cross in 1980 and 
8.0% higher PEFF in 1981. However, the relative performance of entries 
was altered by specific year-location combinations. 
The year x location interactions were significant for SE although 
the main effects of years and locations were not. Likewise, differences 
among entries for RE were not significant across all locations and 
years. Partitioning the significant entry x year mean squares, however, 
showed that checks vs populations x years and among populations and 
crosses x years were significant for RE. Larger differences between 
entries existed in 1980. For example, BS13(SCT)C5 x BSSS2(SCT)C5 did 
not emerge significantly faster than Mol7 x A634 in 1981 but emerged 
1.22 days faster in 1980. There were not significant entries x 
locations interactions. Entries x years x locations and all the 
partitioned interactions were large and significant for EE. 
Differences between years were significant for SDW and years x 
locations were highly significant for DWP and SDW. No differences 
among entries were observed for SDW and DWP when data were averaged 
over years and locations. The relative performance of entries varied 
between years as evidenced by the highly significant entry x year 
interactions for DWP and SDW. Differences existed among populations 
and crosses in their responses to years. Among checks x years and 
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BSSS2(SCT) vs BS13(SCT) x years interaction were also significant. 
Entries x locations were significant for DWP and SDW although the 
partitioned entries x locations interactions were not. Entries x years 
X locations were not significant. Among checks x years x locations 
were significant for DWP and SDW. 
The analyses of variance (Tables 24 and 25) and entry means (Tables 
26 and 27) over locations in 1980 and 1981 give some insight into the 
effect of years on differences among entries for DWP, SDW, and BE. 
There were highly significant differences among entries for DWP 
and SDW in both years but the differences were greater in 1980, which 
was generally warmer (Tables 24, 25, 26, and 27). DWP ranged from 47.6 
to 76.9 grams/plot across all population entries in 1980 and from 12.7 
to 20.5 grams/plot in 1981. BS13(SCT)C5 and BSSS2(SCT)C5 had 15.0 and 
11.5 grams/plot, respectively, more DWP than their respective CO cycles 
in 1980. In 1981, however, only selected cycles of BSSS2(SCT) showed 
improvement for DWP (3.1 grams/plot) and SDW (0.06 grams/plant) . The 
rankings across cycles of both populations generally did not change but 
there were greater magnitudinal differences between entries in 1980. 
Similarly, B73 x Mol7 had significantly greater DWP than Mol7 x A634 in 
both years but the advantage was 31.3 grams/plot in 1980 compared to 
3.2 grams/plot in 1981. 
The parameter estimates from the genetic gain analyses for DWP and 
SDW also illustrate differences in entry responses between years (Table 
28). Estimates of Aq, Dq, and D^^ were not available from both years 
because only 20 entries were used in 1980. The change in allelic 
Table 24. Mean squares for analyses of variance combined over locations in 1980 for cold 
tolerance traits 
Mean squares 
Source df DWP SDW RE 
Locations (L) 8 
Entries (T) 19 
Among checks (T^) 2 
Among populations and crosses (Tg) 17 
T X L 152 
X L 16 
Tg X L 136 
Error 684 
356420.06** 155.300** 623.30** 
3022.00** 1.120** 6.30 
11574.30** 3.400* 19.48* 
2016.50** 0.923** 4.69 
504.00* 0.230* 5.10 
1301.40** 0.560** 9.66** 
411.00 0.170 4.52 
409.00 0.190 4.20 
Table 25. Mean squares for analyses of variance combined over 
locations in 1981 for cold tolerance traits 
Source df 
Locations (L)^ 9 
Entries (T) 33 
Checks vs populations (T^) 
Among checks (I2) 
Among populations and crosses (T3) 
BSSS2(SCT) vs BS13(SCT) (1%) 
BSSS2(SCT) selfs vs BS13(SCT) selfs (T5) 
BSSS2(SCT) 1979 source vs 1980 source QTg) 
BS13CSCT) 1979 source vs 1980 source (T^) 
BS13(SCT) vs BS13(SCT) selfs (Tg) 
BSSS2(SCT) vs BSSS2(SCT) selfs (Tg) 
Population crosses vs selfed population crosses (T-j^q) 
T X 297 
T i X  L 9 
T 2 X  L 9 
T 3 X  L 279 
T4 X  L 9 
^5 
X  L 9 
^6 X  L 9 
^7 
X  L 9 
^8 X  L 
9 
^9 X  L 9 
Tio X  L 9 
„ c 
Error 1114 
^Degrees of freedom for L: DWP, SDW, and PEFF = 9; RE and PE = 8; 
SV = 7. 
^Degrees of freedom for T x L: DWP, SDW, and PEFF = 297; RE and 
PE = 264; SV = 231. 
^Degrees of freedom for error: DWP, SDW, and PEFF = 1114; RE = 
1004; PE = 1019; SV = 850. 
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Mean squares 
DWP SOW PEFF BE PÉ SV 
25596.93** 12.332** 11354.68** 7369.46** 71296.24** 123.84** 
185.15** 0.057** 623.27** 21.31 1554.67** 10.36** 
262.58* 0.032 3137.03** 45.88 7146.95** 0.00 
220.51* 0.003 3982.55* 1.94 2354.45 3.76 
181.51** 0.058** 433.82** 21.14 1348.47** 10.90** 
4.36 0.000 206.56 63.86 654.75 3.29 
7.53 0.010 193.76 3.58 9.03 2.84 
1.27 0.001 190.97 0.10 176.40 1.06 
3.97 0.003 1.84 23.20 265.23 8.01 
914.70* 0.401* 535.18 27.21 3729.08* 40.28** 
986.19* 0.282* 2138.61** 29.96* 4508.04** 46.73** 
988.88* 0.323 1572.02* 23.33 3348.90** 46.67** 
40.04** 0.016** 104.89** 14.93** 209.18** 1.85** 
37.50** 0.015* 209.66** 30.62** 574.14** 3.37** 
42.56** 0.009 408.03** 24.23** 927.19** 9.68** 
40.04** 0.017** 91.73** 14.12** 174.25** 1.55** 
32.75* 0.022** 92.35 16.46* 761.41** 3.50** 
18.51 0.007 58.76 1.55 165.72 0.87 
15.25 0.008 53.47 25.24** 133.44 0.88 
45.79** 0.024** 113.65 4.24 82.56 2.35* 
114.83** 0.055** 140.36* 43.16** 358.25** 1.99 
111.85** 0.045** 81.18 11.80 122.76 2.02 
159.81** 0.078** 241.66** 7.82 140.93 2.71* 
13.93 0.007 67.59 7.69 98.48 1.05 
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Table 26. Means for cold tolerance traits over all locations (45 
replications) in 1980 for 20 entries 




















































BS13CSCT)C0 X BS13(SCT)C5 
BSSS2(SCT)C0 X BSSS2(SCT)C5 
BS13(SCT)C0 X BSSS2(SCT)C0 
BS13(SCT)C5 X BSSS2(SCT)C5 
BS13(SCT)C0 X BSSS2(SCT)C5 
BSSS2(SCT)C0 X BS13(SCT)C5 
Mol7 X A634 

























Overall mean 63.85 1.476 
LSD (0.05) 8.53 0.198 0.86 
Table 27. Means for cold tolerance traits over all locations in 1981 
for 34 entries^ 
DWP SDW PEFF 
(g/plot) (g/plant) (%) 
BS13(SCT)C0 14.92 0.356 80.23 
CI 16.06 0.367 84.36 
C2 15.64 0.349 86.45 
C3 17.03 0.390 85.30 
C4 16.98 0.376 88.19 
C5 17.28 0.390 87.27 
BSSS2(SCT)C0 16.09 0.366 84.19 
CI 13.96 0.330 82.00 
C2 14.54 0.332 83.86 
C3 15.74 0.360 85.55 
C4 16.59 0.378 86.62 
C5 19.19 0.421 88.64 
BS13(SCT)C0 X BS13(SCT)C5 17.86 0.406 85.86 
BSSS2(SCT)C0 X BSSS2(SCT)C5 18.70 0.411 88.14 
BS13(SCT)C0 X BSSS2(SCT)C0 16.06 0.376 83.05 
BS13(SCT)C5 X BSSS2(SCT)C5 20.52 0.439 91.02 
BS13(SCT)C0 X BSSS2(SCT)C5 17.54 0.392 85.91 
BSSS2(SCT)C0 X BS13(SCT)C5 17.39 0.383 87.73 
Mol7 X A634 12.44 0.337 71.77 
B73 X Mol7 15.61 0.348 85.23 
BS13(SCT)C0 Si 12.94 0.321 78.70 
BS13(SCT)C5 Si 14.31 0.327 83.86 
BSSS2CSCT)C0 Si 12.82 0.306 81.64 
BSSS2CSCT)C5 Si 13.39 0.306 84.64 
BS13(SCT)C0 (80) 15.39 0.371 81.45 
BS13(.SCT)C5 (80) 17.41 0.390 86.45 
BSSS2CSCT)C0 C80) 16.96 0.388 86.77 
BSSS2CSCT)C5 (80) 18.68 0.408 90.32 
BS13(SCT)C0 X BS13(SCT)C5 Si 13.79 0.326 81.64 
BSSS2(SCT)C0 X BSSS2(SCT)C5 Si 13.43 0.315 83.23 
BS13(SCT)C0 X BSSS2(SCT)C0 Si 12.66 0.312 77.45 
BS13(SCT)C5 X BSSS2(SCT)C5 Si 14.52 0.333 84.77 
BS13(SCT)C0 X BSSS2(SCT)C5 Si 13.72 0.323 81.91 
BSSS2(SCT)C0 X BS13(SCT)C5 Si 14.62 0.345 83.77 
Overall mean 15.84 0.362 84.72 
LSD (0.05) 2.64 0.053 4.28 
dumber of replications used for each mean: DWP, SDW, and PEFF = 
44; PE and BE = 40; SV = 34. 
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Table 27. (Continued) 
EE PE SV 
(days) (%) (1 to 9) 
BS13(SCT)C0 16.53 63.90 4.18 
Cl 17.33 69.20 4.65 
C2 18.13 76.20 4.76 
C3 16.77 73.79 5.12 
C4 17.48 79.05 4.79 
C5 17.58 77.60 5.03 
BSSS2(SCT)CO 17.29 70.87 5.09 
Cl 17.24 69.75 4.32 
C2 17.50 73.35 4.18 
C3 17.93 73.85 4.91 
C4 18.18 76.77 5.16 
C5 18.64 81.10 5.41 
BS13(SCT)C0 X  BS13(SCT)C5 18.17 75.60 5.27 
BSSS2(SCT)C0 X  BSSS2(SCT)C5 17.29 75.40 5.41 
BS13(SCT)C0 X  BSSS2(SCT)C0 17.35 69.75 4.44 
BS13(SCT)C5 X  BSSS2(SCT)C5 18.10 84.00 6.21 
BS13(SCT)C0 X  BSSS2(SCT)C5 17.64 74.65 5.12 
BSSS2(SCT)C0 X  BS13(SCT)C5 18.01 78.80 5.18 
Mol7 X  A634 17.19 57.40 4.53 
B73 X  Mol7 16.75 68.25 5.00 
BS13CSCT)C0 Si 16.51 60.55 4.12 
BS13(SCT)C5 Si 17.00 73.25 4.59 
BSSS2(SCT)C0 Si 16.98 64.70 4.26 
BSSS2(SCT)C5 17.22 68.15 3.85 
BS13(SCT)C0 (80) 16.97 66.85 4.71 
BS13(SCT)C5 (80) 18.66 79.80 5.47 
BSSS2(SCT)C0 (80) 18.00 75.80 5.41 
BSSS2(SCT)C5 (20) 17.85 80.60 5.44 
BS13(SCT)C0 X  BS13(SCT)C5 16.91 67.35 4.32 
BSSS2(SCT)C0 X  BSSS2CSCT)C5 17.58 68.15 4.18 
BS13(SCT)C0 X  BSSS2(SCT)C0 Si 16.96 62.55 3.71 
BS13(SCT)C5 X  BSSS2(SCT)C5 17.60 73.15 4.59 
BS13(SCT)C0 X  BSSS2(SCT)C5 Si 17.96 67.45 4.06 
BSSS2(SCT)C0 X  BS13(SCT)C5 16.78 69.70 4.65 
Overall mean 17.50 72.55 4.77 
LSD (0.05) 1.69 6.34 0.65 
Table 28. Parameter estimates from the genetic gain analyses and realized gain for DWP and SDW 
over all locations in 1980 and 1981 
1980 1981^ 
Parameter DWP SDW DWP SDW 
(g/plot) (g/plant) (g/plot) (g/plant) 
Apa (BS13) 
Apa (BSSS2) 
1.46* ± 0,32 
1.27* + 0.32 
0.025* ± 0.007 
0.027* ± 0.007 
0.25* + 0.08 
0.31* ± 0.08 
0.003 ± 0.002 
0.005* ± 0.002 
2R (BS13) 
2R (BSSS2) 
0.21 ± 0.98 
-0.76 ± 0.98 
-0.003 ± 0.023 
-0.012 ± 0.023 
-0.52 ± 0.30 
-0.64* ± 0.30 
-0.009 ± 0.006 
-0.011 ± 0.006 
H (BS13 - BSSS2) 8.47* ± 1.74^ 
9.66* ± 1.74% 
0.177* ± 0.041 
0.077 ± 0.041 
0.56 ± 0.73 
-0.62 + 0.73 
0.015 ± 0.015 
-0.016 ± 0.015 
















^Estimated from 20 entries. 
^Heterosis In the CO population cross. 
^Heterosis in the C5 population cross. 
^AG in actual units/cycle. 
^AG in %/cycle (% of CO mean). 
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frequency due to selection weighted by the average effect of an allelic 
substitution (Apa) was significant for DWP for both populations in 1980 
(1.4 grams/plot averaged over populations) and 1981 (0.3 grams/plot). 
Estimates of Apa were significant for SDW for both populations in 1980 
but only BSSS2(SCT) in 1981. Genetic drift due to restricted population 
size C2R) generally was not significant, except for SDW in BSSS2(SCT) in 
1981. Significant heterosis (H) was observed between BS13(SCT) and 
BSSS2CSCT) for DWP and SDW only in 1980. Realized gains free from the 
effects of drift were significant for both populations for DWP and SDW 
in 1980 and for DWP in 1981. BSSS2CSCT) had significant realized gain 
in SDW in 1981. Greater gain was realized for DWP and SDW in 1980 than 
1981 for both populations. Estimates of genetic gain for DWP averaged 
over both populations was 5.3%/cycle in 1980 and 3.6%/cycle in 1981 
(Table 28). Gains for SDW were 4.18%/cycle in 1980 compared to 
0.68%/cycle in 1981. BS13CSCT) had relatively greater gains than did 
BSSS2CSCT) for DWP and SDW in 1980. BS13CSCT) had 5.26%/cycle genetic 
gain averaged over both traits compared to 4.19%/cycle in BSSS2(SCT). 
Locations significantly affected DWP and SDW in 1980 and 1981 
(.Tables 24 aiid 25). Entries x locations were also significant indicating 
that early season environments in different geographic locations caused 
different relative performances for DWP and SDW among entries. 
Differences among populations and crosses for DWP and SDW were altered 
by location effects in 1981 but not 1980. 
Entries mean squares were not significant for BE in either year. 
B73 X Mol7 emerged 1.1 days faster than Mol7 x A634 only in 1980. 
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Entries x locations were significant in 1981 and among checks x 
locations were highly significant in both years. 
The BS13(SCT) and BSSS2(SCT) populations and population crosses 
had significantly higher DWP, PE, and SV than their respective pooled 
random S^-lines (Tables 25 and 27) indicating directional dominance was 
important for DWP, PE, and SV. Inbreeding depression was 3.5 grams/plot 
for DWP and 6.71% for PE averaged over populations and cycles. 
BSSS2(SCT) had 0.088 grams/plant greater SDW than the BSSS2(SCT) selfs, 
whereas BS13CSCT) did not. 
Improved S^-lines should be isolated from advanced cycles if 
recurrent selection for cold tolerance was successful. Pooled S^-lines 
from the C5 of BS13(SCT) had a 12.7% higher PE and 5.2% higher PEFF 
than lines from the corresponding CO. No differences existed between 
pooled S^-lines of different cycles of BSSS2CSCT) for any trait. S^^-
lines from BS13(SCT)C5 x BSSS2(SCT)C5 had superior PE, PEFF, and SV 
compared with bulked lines from BS13CSCT)C0 x BSSS2CSCT)C0. The 
difference between bulked S^-lines from the population crosses was 
10.6% for PE, 7.3% for PEFF, and 0.88 for SV. 
There were no significant differences between the seed of the 
populations per se produced in 1979 and 1980 CTables 25 and 27). This 
indicates that the production environment did not contribute to 
differences between entries evaluated both years and those evaluated 
only in 1981 (Table 2). 
Stability analyses were performed to determine if selection had 
altered genotype x environment interactions for DWP, SDW, PEFF, PE, and 
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SV. The Eberhart-Russell stability analyses (Eberhart and Russell, 
1966) regressed the mean of each entry on an index of means of all 
entries at each environment. The percentages of total G x E accounted 
for by regressions were 48.6% for DWP, 48.8% for SDW, 32.3% for PEFF, 
29.0% for PE and 2.3% for SV. Entries, environments, and entries x 
environments mean squares were significant for all traits (Table 29). 
Entries x environments (linear) mean squares were significant for DWP, 
SDW, PEFF, and PE indicating significant differences among entries for 
regression on the environmental index. 
All regression coefficients were significantly different from zero 
for DWP and SDW (Table 30). Regression coefficients of BS13CSCT) 
significantly increased with selection from 0.780 to 0.972 for DWP and 
from 0.770 to 0.985 for SDW. Coefficients of BSSS2(SCT) increased 
through the C3 for DWP and the C5 for SDW. The C5 x C5 population cross 
had regression coefficients of 1.186 for DWP and 1.211 for SDW which 
were significantly greater than the CO x CO coefficients of 0.969 for 
DWP and 0.974 for SDW. The coefficient of B73 x Mol7 was higher than 
Mol7 X A634 for DWP (1.236 versus 0.784) and SDW C1.249 versus 0.852). 
Pooled deviations were not significant for DWP or SDW indicating 
that differences in linear response among entries across environments 
accounted for most of the entries x environments interaction. However, 
deviations from regression were significant for BS13{SCT)C5 and 
BSSS2(5CT)C0 x BSSS2CSCT)C5 for both traits, and Mol7 x A634 for DWP. 
Entries x environments (linear) was not significant for SV. 
Regression coefficients did not change across cycles of BS13CSCT) or 
Table 29. Mean squares for analyses of variance for the Eberhart-Russell analysis for cold 
tolerance traits 
Mean squares 
Source df DWP SDW PEFF PE SV 
Entries (T) 19 437.53** 0.147** 270.36** 434.95** 3.28** 
Environments (E)' 









E (linear) 1 777733.79** 364.132** 48720.34** 126271.74** 
T X E (linear) 19 553.67** 0.250** 133.14** 198.27** 
Pooled deviations 300 37.03 0.017 17.27** 32.92** 
BS13(SCT)C0 15 19.40 0.009 10.75 14.24 
CI 15 5.14 0.002 12.55 25.72 
C2 15 21.15 0.007 17.47 53.70** 
C3 15 7.96 0.004 17.78 34.60* 
C4 15 62.24 0.021 16.86 32.69 
C5 15 80.10* 0.043* 12.51 28.37 
BSSS2(SCT)C0 15 39.65 0.018 21.33* 26.91 
CI 15 19.34 0.009 22.19* 22.54 
C2 15 20.86 0.008 22.53* 29.00 
C3 15 37.48 0.019 12.72 14.18 
C4 15 11.27 0.009 9.91 23.09 







0 . 2 2  










BS13(SCT)C0 X BS13(SCT)C5 15 16.65 0.007 13.26 16.29 0.37* 
BSSS2(SCT)C0 X BSSS2(SCT)C5 15 92.60* 0.042* 16.66 36.28* 0.92** 
BS13(SCT)C0 X BSSS2(SCT)C0 15 23.97 0.019 9.75 5.68 0.36 
BS13(SCT)C5 X BSSS2(SCT)C5 15 56.28 0.020 15.35 35.45* 0.58** 
BS13(SCT)C0 X BSSS2(SCT)C5 15 14.47 0.004 7.84 18.06 0.14 
BSSS2(SCT)C0 X BS13(SCT)C5 15 17.71 0.010 6.71 8.10 0.56** 
Mol7 X A634 15 87.58* 0.032 37.92** 29.65 1.13** 
B73 X Mol7 15 54.72 0.029 49.57** 182.79** 0.84** 
Led error^ 1167 48.12 0.024 11.77 20.63 0.22 
^Degrees of freedom for environments: DWP, SDW, and PEFF = 16; PE = 15; SV = 14. 
'^Degrees of freedom for entries x environments: DWP, SDW, and PEFF = 304; PE = 285; SV = 266. 
''Degrees of freedom for error: DWP and SDW = 1167; PE = 1117; SV = 1019; PEFF = 1171. 
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Table 30. Regression coefficients for 20 entries from 
Russell analyses for cold tolerance traits 
the Eberhart-
DWP SDW PEFF PE SV 
BS13(SCT)C0 0.780 0.770 1.410 1.307 0.869 
CI 0.938 0.950 0.963 1.168 0.956 
C2 0.997 0.972 1.467 1.206 1.053 
C3 0.987 0.965 1.153 1.171 0.997 
C4 1-018 0.990 1.120 1.048 0.995 
C5 0.972 0.985 0.855 0.980 0.970 
BSSS2(SCT)C0 0.950 0.923 1.255 1.075 0.921 
CI 1.049 1.030 1.201 1.094 1.015 
C2 0.955 0.928 1.105 0.985 0.961 
C3 1.190 1.179 0.825 0.862 1.097 
C4 1.033 1.023 0.815 0.874 1.059 
C5 0.999 1.016 0.681 0.659 1.152 
BS13CSCT)C0 X  BS13CSCT)C5 0.862 0.906 0.985 0.900 0.993 
BSSS2(SCT)C0 X  BSSS2(SCT)C5 0.942 0.923 0.778 0.916 0.993 
BS13(SCT)C0 X  BSSS2CSCT)C0 0.969 0.974 1.124 1.213 0.961 
BS13(SCT)C5 X  BSSS2CSCT)C5 1.186 1.211 0.585 0.659 0.960 
BS13CSCT)C0 X  BSSS2CSCT)C5 1.095 1.110 1.036 0.991 1.014 
BSSS2(SCT)C0 X  BS13(SCT)C5 1.057 1.042 0.903 0.804 1.041 
Mol7 X  A634 0.784 0.852 0.987 1.122 0.990 
B73 X  Mol7 1.236 1.249 0.754 0.966 1.002 
S.E. Cb) 0.031 0.030 0.084 0.072 0.109 
LSD (0.05) 0.086 0.083 0.233 0.200 0.302 
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BSSS2(SCT) although all coefficients were greater than zero. Pooled 
deviations from regression were significant for SV. Deviations were 
significant for BS13(SCT)C4 and C5 and BSSS2(SCT)C1 and C5. The C5 x C5 
population cross had significant deviations from regression whereas the 
CO X CO population cross did not. Mol7 x A634 and B73 x Mol7 had 
significant deviations for SV. 
Entries x environment Clinear) mean squares were significant for 
PEFF and PE. The selected cycles of BS13CSCT) and BSSS2(SCT) had 
significantly lower regression coefficients. Regression coefficients 
decreased from 1.410 to 0.855 in BS13CSCT) and from 1.255 to 0.681 in 
BSSS2(SCT) for PEFF. Regression coefficients of the C5 x C5 population 
cross were lower than coefficients of the CO x CO population cross for 
PEFF (.0.585 versus 1.124) and PE CO.659 versus 1.213). Pooled deviations 
were significant for PEFF and PE. BS13CSCT)C2 and C3 had significant 
deviations for PE. Deviations from regression were significant for 
BSSS2(SCT)C0, CI. and C2 for PEFF. 
The Freeman-Perkins stability analyses (Freeman and Perkins, 1971) 
regressed the mean of each entry on an independent index of accumulated 
heat units at each environment. The regression accounted for 14.9% of 
the total G X E for DWP, 15.9% for SDW, 4.6% for PEFF, 4.3% for PE and 
9.2% for SV. Entries, environments, entries x environments and error 
mean squares for each trait were identical to the Eberhart-Russell 
analyses (Table 31). Combined regression mean squares were only 
significant for SDW indicating accumulated heat units are not a 
"sufficiently good measure of the environment" (Freeman and Perkins, 
Table 31. Mean squares for analyses of variance for the Freeman-Perkins analysis for cold 
tolerance traits 
Mean squares 
Source df DWF SDW PEFF PE SV 
Entries (T) 19 437 .53** 0 .147** 270 .36** 434 .95** 3 .28** 
Environments (E)^ 16 48608 .36** 22 .758** 3045, 02** 8418, .12** 53 .38** 
Combined regression 1 173031, .19 87, .273* 35, .37 0, 01 14, .29 
Residual 15 40313. ,50** 18, .457** 3245. ,66** 9019, ,41** 56, 39** 
T X 304 71. ,15** 0. ,032** 25. ,37** 45. ,56** 0. ,45** 
Heterogeneity of regressions 19 170, 08** 0. ,081** 18. 84* 29. ,22 0. ,58** 
Residual 285 64. 55** 0. 029** 25. 81** 46. 73** 0. 44** 
Error^ 1167 48. 12 0. 024 11. 77 20. 63 0. 22 
^Degrees of freedom for environments: DWP, SDW, and PEFF = 16; PE = 15; SV = 14. 
'^Degrees of freedom for entries x environments: DWP, SDW, and PEFF = 304; PE = 285; 
SV = 266. 
"^Degrees of freedom for error: DWP and SDW = 1167; PE = 1117; SV = 1019; PEFF = 1171. 
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1971). The residual within environments was significant for all traits. 
Heterogeneity among regressions were significant for DWP, SDW, PEFF, 
and SV indicating individual regression lines differed from the combined 
regression line. Residual mean squares within entries x environments 
were highly significant and larger than heterogeneity among regressions 
for all traits. Regression coefficients were significantly larger than 
zero only for DWP and SDW (Table 32) . There were no significant 
differences among entry regression coefficients for any trait. 
The Moll stability analyses (Moll et al., 1978) regressed each mean 
on an index of means of all other entries. The percentages of total 
G X E accounted for by regression were 43.1% for DWP, 43.3% for SDW, 
25.6% for PEFF, 21.4% for PE and 0.0% for SV. Regression coefficients 
for all entries were significantly different from zero for all traits 
(Table 33). All regression coefficients were similar to coefficients 
calculated from the Eberhart-Russell analyses (Table 30). For example, 
regression coefficients from the Moll analyses ranged from 0,771 to 
1.250 and did not differ from coefficients from the Eberhart-Russell 
analyses by more than 0.012 for DWP. 
Deviation mean squares from the Moll analyses also were similar to 
those calculated from the Eberhart-Russell analyses (Tables 29 and 34). 
Deviations from regression were significant for BS13(SCT)C5 and 
BSSS2(SCT)C0 X BSSS2(SCT)C5 for DWP and SDW. BS13(SCT)C2 and C3 and 
B73 X Mol7 had significant deviation mean squares for PE and PEFF. 
Deviations from regression were significant for BSSS2(.SCT)C0, CI, and 
C2 and Mol7 x A634 for PEFF. BS13(SCT)C4 and C5, BSSS2(SCT)C1, C2, C4, 
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Table 32. Regression coefficients^ for 20 entries from 
Perkins analyses for cold tolerance traits 
the Freeman-
DWP SDW PEFF PE SV 
BS13(.SCT)C0 0.200 0.005 0.008 0.010 0.003 
CI 0.242 0.006 -0.001 0.017 0.004 
C2 0.260 0.006 0.000 -0.043 0.001 
C3 0.260 0.006 -0.002 -0.040 0.002 
C4 0.288 0.006 -0.010 -0.026 0.003 
C5 0.275 0.006 0.007 0.003 0.004 
BSSS2CSCT)CO 0.228 0.005 -0.002 -0.003 0.000 
01 0.285 0.006 0.014 0.010 0.005 
C2 0.250 0.005 0.005 0.033 0.003 
C3 0.321 0.007 -0.007 -0.009 0.005 
C4 0.264 0.006 0.001 -0.001 0.002 
C5 0.250 0.006 -0.015 -0.012 0.002 
BS13(.SCT)C0 X BS13(SCT)C5 0.222 0.005 -0.024 -0.016 0.002 
BSSS2(.SCT)C0 X BSSS2(SCT)C5 0.235 0.005 -0.012 0.034 0.001 
BS13(SCT)C0 X BSSS2CSCT)C0 0.255 0.006 0.000 -0.008 0.007 
BS13CSCT)C5 X BSSS2(SCT)C5 0.326 0.007 -0.021 -0.012 -0.002 
BS13(SCT)C0 X BSSS2CSCT)C5 0.285 0.006 -0.006 -0.001 0.002 
BSSS2(SCT)C0 X BS13(SCT)C5 0.275 0.006 -0.016 -0.014 0.000 
Mol7 X A634 0.204 0.005 0.024 0.043 0.008 
B73 X Mol7 0.330 0.008 -0.020 0.038 0.001 
S.E. (b) 0.129 0.003 0.039 0.099 0.006 
LSD (0.05) 0.358 0.008 0.108 0.274 0.017 
^Expressed as trait units/heat unit. 
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and C5, Mol7 x A634 and B73 x Mol7 had significant deviations for SV. 
The partitions of G x E indicated that the interactions were due 
to differences in responsiveness among entries rather than correlations 
among pairs of entries for DWP and SDW (Table 35) . Both mean squares 
were significant for PEFF and PE. The mean square for differences in 
correlations was significant only for SV. Simple product-moment 
correlations between regression coefficients and b-values calculated as 
— _ ^~^iT' S^/S^ (.in terms of responsiveness) or r^^/ ( ^  ^ —+ r^,) (in terms of 
correlations of responses of entries in different environments) are 
shown in Table 36. Correlations between regression coefficients and 
b-values in terms of correlations between entries in different environ­
ments generally were not significant and always were smaller than 
correlations between regression coefficients and b-values in terms of 
responsiveness. Correlations between regression coefficients and 
b-values in terms of responsiveness were 0.97 or higher for DWP, SDW, 
PEFF, and PE. 
Thus regression coefficients were approximated by b-values 
calculated as S^/S^ (in terms of responsiveness). Differences between 
regression coefficients and b-values calculated as S^/S^ were 0.013 or 
less for DWP and 0.135 or less for PEFF CTable 37). Selected cycles of 
BS13(SCT) had greater S^/S^ than unselected cycles for DWP (increase 
of 0.207) and SDW (increase of 0.233). The C5 x C5 population cross had 
greater responsiveness than the CO x CO cross as the b-value increased 
from 0.958 to 1.192 for DWP and from 0.968 to 1.217 for SDW. Selected 
cycles of both populations had lower responsiveness to environmental 
Table 33. Regression coefficients from the Moll stability analyses for 













BS13(SCT)C0 X BS13CSCT)C5 
BSSS2(SCT)C0 X BSSS2(SCT)C5 
BS13(SCT)C0 X BSSS2(SCT)C0 
BS13CSCT)C5 X BSSS2(SCT)C5 
BS13(SCT)C0 X BSSS2CSCT)C5 
BSSS2(SCT)C0 X BS13(SCT)C5 
Mol7 X A634 
B73 X Mol7 
DWP 
0.771 ± 0.023 
0.935 ± 0.012 
0.997 ± 0.025 
0.986 ± 0.015 
1.018 ± 0.042 
0.969 ± 0.048 
0.946 ± 0.033 
1.052 ± 0.024 
0.952 ± 0.024 
1.202 ± 0.033 
1.035 ± 0.018 
0.997 ± 0.039 
0.855 ± 0.021 
0.937 ± 0.051 
0.967 ± 0.026 
1.197 ± 0.041 
1.100 ± 0.021 
1.060 ± 0.023 
0.774 ± 0.049 
1.250 ± 0.040 
SDW 
0.760 ± 0.022 
0.948 ± 0.011 
0.970 ± 0.021 
0.963 ± 0.015 
0.988 ± 0.036 
0.982 ± 0.051 
0.918 ± 0.033 
1.031 ± 0.023 
0.924 ± 0.022 
1.190 ± 0.035 
1.024 ± 0.023 
1.016 ± 0.035 
0.901 ± 0.021 
0.918 ± 0.050 
0.972 ± 0.034 
1.224 ± 0.036 
1.117 ± 0.017 
1.044 ± 0.024 
0.845 ± 0.043 
1.265 ± 0.043 
115 
PEFF PE SV 
1.437 ± 0.073 
0.957 ± 0.075 
1.498 ± 0.094 
1.156 ± 0.091 
1.122 ± 0.089 
0.845 ± 0.074 
1.326 ± 0.052 
1.176 ± 0.068 
1.213 ± 0.099 
1.177 ± 0.079 
1.047 ± 0.076 
0.976 ± 0.070 
0.858 ± 0.085 
0.950 ± 0.081 
1.051 ± 0.091 
0.996 ± 0.041 
0.986 ± 0.116 
0.957 ± 0.132 
1.265 ± 0.101 
1.206 ± 0.103 
1.103 ± 0.102 
0.813 ± 0.075 
0.804 ± 0.066 
0.666 ± 0.071 
1.076 ± 0.069 
1.097 ± 0.064 
0.980 ± 0.071 
0.854 ± 0.049 
0.865 ± 0.063 
0.645 ± 0.059 
0.911 ± 0.096 
1.007 ± 0.115 
0.952 ± 0.103 
1.097 ± 0.090 
1.055 ± 0.104 
1.152 ± 0.116 
0.979 ± 0.078 
0.763 ± 0.085 
1.128 ± 0.067 
0.567 ± 0.080 
1.036 ± 0.060 
0.896 ± 0.055 
0.973 ± 0.131 
0.728 ± 0.146 
0.893 ± 0.053 
0.907 ± 0.079 
1.226 ± 0.032 
0.643 ± 0.076 
0.988 ± 0.056 
0.795 ± 0.037 
1.126 ± 0.073 
0.942 ± 0.178 
0.985 ± 0.105 
0.975 ± 0.165 
0.952 ± 0.103 
0.947 ± 0.131 
1.012 ± 0.063 
1.033 ± 0.129 
0.968 ± 0.183 
0.986 ± 0.158 
Table 34. Deviation mean squares from the Moll stability analyses for five cold tolerance traits 
DWP SDW PEFF PE SV 
BS13(SCT)C0 21.002 0.009 12.438 16.299 0.272 
CI 5.663 0.002 13.849 29.011 0.247 
C2 23.432 0.008 20.336* 60.790** 0.310 
C3 8.807 0.004 20.011* 39.030* 0.062 
C4 69.091 0.023 18.918 36.395* 0.503** 
C5 88.487* 0.048* 13.652 31.358 0.650** 
BSSS2(SCT)C0 43.699 0.020 24.278* 30.054 0.345 
CI 21.536 0.009 25.104** 25.217 0.492** 
C2 23.001 0.009 25.234** 32.074 0.396* 
C3 42.377 0.022 13.837 15.481 0.298 
C4 12.532 0.010 10.771 25.249 0.402* 
C5 57.691 0.022 12.665 22.588 0.494** 
BS13CSCT)C0 X BS13CSCT)C5 18.185 0.008 14.661 17.862 0.411* 
BSSS2(5CT)C0 x BSSS2(SCT)C5 101.972** 0.046* 18.025 39.834* 1.018** 
BS13(SCT)C0 X BSSS2(SCT)C0 26.475 0.020 10.946 6.439 0.395* 
BS13CSCT)C5 X BSSS2(5CT)C5 63,599 0.023 16.288 37.896* 0.643** 
BS13(5CT)C0 X BSSS2CSCT)C5 16.193 0.005 8.720 19.985 0.150 
BSSS2(BCT)C0 x BS13(SCT)C5 19.736 0.011 7.354 8.795 0.622** 
Mol7 x A634 94.866* 0.034 41.936** 33.274 1.253** 
B73 X Mol7 62.159 0.033 53.481** 201.593** 0.929** 
Pooled error 48.12 0.024 11.770 20.630 0.217 
Table 35. Mean squares for analyses of variance for the Moll stability 
analysis for cold tolerance traits 
Source df 
Entries (T) 19 
Environments (E)^ 16 
T X E^ 304 
Due to differences in responsiveness among entries 19 
Due to differences in correlations among pairs of entries^ 285 
Error^ 1167 
^Degrees of freedom for environments: DWP, SDW, and PEFF = 16; 
PE = 15; SV = 14. 
^Degrees of freedom for T x E: DWP, SDW, and PEFF = 304; PE = 
285; SV = 266. 
^Degrees of freedom for correlations: DWP, SDW, and PEFF = 285; 
PE = 266; SV = 247. 
^Degrees of freedom for error: DWP and SDW = 1167; PE = 1117; 
SV = 1019; PEFF = 1171. 
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Mean squares 
DWP SDW PEFF PE SV 
437.53** 0.147** 270.36** 434.95** 3.28** 
48608.36** 22.758** 3045.02** 8418.12** 53.38** 
71.15** 0.032** 25.37** 45.56** 0.45** 
594.85** 0.248** 121.02** 194.83** 0.20 
39.66 0.017 18.99** 34.90** 0.47** 
48.12 0.024 11.77 20.63 0.22 
Table 36. Simple product-moment correlation coefficients between regression coefficients and 
b-values calculated by two different methods and means for cold tolerance traits 
Regression coefficients 
DWP SDW PEFF PE SV 
DWP B value from r.0.3299 
B value from Sj_/ST 0.9986** 
Mean over all environments 0.8475** 
SDW B value from r.., 0.2066 
B value from Sj^/SY. 0.9988** 
Mean over all environments 0.8690** 
PEFF B value from r.., 0.5513* 
B value from S^/Sy 0.9868** 
Mean over all environments -0.5866** 
PE B value from r.., 0.3318 
B value from 0.9704** 
Mean over all environments -0.7625** 
SV B value from r.., 0.2134 
B value from Sj^/Sj- 0.7603** 
Mean over all environments 0.4063 
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Table 37. Regression coefficients calculated as S./S. from the Moll 
stability analyses for five cold tolerance traits 
DWP SDW PEFF PE SV 
BS13(SCT)C0 0.766 0.756 1.359 1.275 0.846 
CI 0.923 0.936 0.928 1.144 0.922 
C2 0.987 0.961 1.433 1.208 1.021 
C3 0.974 0.952 1.121 1.155 0.933 
C4 1.017 0.984 1.088 1.032 0.995 
C5 0.973 0.989 0.829 0.962 0.994 
BSSS2CSCT)C0 0.942 0.915 1.229 1.053 0.905 
CI 1.041 1.021 1.179 1.067 1.011 
C2 0.944 0.915 1.088 0.967 0.949 
C3 1.193 1.182 0.802 0.831 1.060 
C4 1.022 1.014 0.784 0.854 1.039 
C5 0.995 1.011 0.671 0.651 1.138 
BS13(.SCT)C0 X BS13(SCT)C5 0. 848 0. 893 0. 950 0. 870 0. 980 
BSSS2(SCT)C0 X BSSS2CSCT)C5 0. 945 0. 926 0. 774 0. 909 1. ,065 
BS13(.SCT)C0 X BSSS2(SCT)C0 0. 958 0. 968 1. 073 1. 171 0. ,948 
BS13(SCT)C5 X BSSS2(SCT)C5 1. 192 1. 217 0. 604 0. 673 0. 984 
BS13(SCT)C0 X BSSS2CSCT)C5 1. ,087 1. 103 0. ,984 0. 961 0, .962 
BSSS2CSCT)C0 X BS13CSCT)C5 1. 048 1. ,034 0. ,854 0. 768 1. 053 
Mol7 X A634 0. ,787 0. 850 1. ,022 1. ,102 1 .095 
B73 X Mol7 1, .244 1, .261 0 .863 1. 108 1 .061 
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variation than did unselected cycles for PEFF and PE. B-values 
calculated as S^/S^ decreased from 1.229 to 0.671 across cycles in 
BSSS2(SCT) for PEFF. Responsiveness to environmental variation was 
increased only slightly across all cycles of both populations for SV. 
Agronomic Traits 
Analyses of variance showed that differences among agronomic 
evaluation environments were significantly different for all traits 
CTable 38). For example, GHM ranged from 48.1 Mg/ha (x 10) at Martins-
burg, IA» 1980 to 88.0 Mg/ha (x 10) at Washington, lA, 1981 (normal 
planting date). Environmental means for NKL ranged from 4.1% at 
Washington, LA, 1980 (normal planting date) to 99.4% at the same 
location in 1981. Early planting dates averaged 74.3 Mg/ha (x 10) GHM 
and 51.4% ESC whereas normal planting dates averaged 64.8 Mg/ha (x 10) 
GHM and 62,9% ESC. 
There were significant differences between the checks and popula­
tions for all traits except SV. For example, the mean GHM of all 
population entries was 67.1 Mg/ha (x 10) whereas the mean of the checks 
was 92.3 Mg/ha (x 10). Among populations mean squares were significant 
for all agronomic traits except for DE. 
BS13(SCT)C5 and BSSS2(SCT)C5 had significantly lower MST (23.7% 
versus 21.8% averaged over populations), DTSK (90.5 days versus 87.6 
days) and DTSD (86.3 days versus 83.3 days) than did the unselected 
populations (Table 39). The C5 x C5 cross had lower MST, DTSK, and DTSD 
than did the CO x CO population cross. PS decreased with selection in 
Table 38. Mean squares for combined analyses of variance over 
environments for agronomic traits of 20 entries 
Source df MST 
Mean squares 
GH GHM 
Environments (E)' 17 638.21** 22834.48** 16379.15** 
Entries (.T) 
Checks vs rest (T^) 
Among populations (Tg) 
T X E 
X E 




































^Degrees of freedom for environments: MST, GH, GHM, GPL, and FSC 
= 17; ESC = 12; NSL = 16; NRL and DE = 15; EHT and DTSK = 11; DTSD and 
PS = 5; PTIL = 6; SV = 10; PHT = 7. 
^Degrees of freedom for T x E: MST, GH, GHM, GPL, and FSC = 323; 
ESC = 228; NSL = 304; NRL and DE = 285; EHT and DTSK = 209; DTSD and 
PS = 95; PTIL = 114; SV = 190; PHT = 133. 
"^Degrees of freedom for error: MST, GH, GHM, GPL, and FSC = 1290; 
ESC = 911; NSL = 1216; NRL and DE = 1140; EHT and DTSK = 836; DTSD and 
PS = 456; PTIL = 532; SV = 760; PHT = 608. 
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Mean squares 
GPL FSC ESC NRL NSL 
0.77818** 4612701300.** 9459.24** 70241.31** 7867.95** 
0.13187** 198216110.** 417.22** 2103.14** 370.12** 
0.99053** 1173543700.** 2443.20** 6288.72** 2254.76** 
0.03084** 83471682.** 178.87** 1610.71** 148.40** 
0.00326** 30059028.** 40.19** 190.38** 71.62** 
0.00935** 76547079.** 56.08** 372.21** 179.65** 
0.00254* 24589846.** 38.32** 168.99** 58.91** 
0.00231 18157227. 22.49 81.24 26.88 
0.00414 17419274. 20.47 48.92 11.79 
0.00209 18259114. 22.73 85.04 28.65 
Table 38. (Continued) 
Source df DE 
Mean squares 
EHT DISK 
Environments (E) 17 137.344** 173238.08** 13667.38** 
Entries (T) 19 2.369* 729.49** 116.21** 
Checks vs rest (T^) 2 13.099* 2519.35** 448.05** 
Among populations (T^) 17 1.107 518.91** 77.12** 
T X E 323 1.323** 79.10** 4.29 
X E 34 3.334 90.58** 7.49** 
Tg X E 289 1.087* 77.75* 3.91 
Error 1290 1.007 59.61 4.34 
135 2.232 32.61 3.06 
T, 1155 0.864 62.79 4.49 
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Mean squares 
DTSD PS PTIL SV PHT 
10919.26** 145.59** 2125.95** 86.0184** 34058.20** 
55.15** 15.95** 233.31** 9.0586** 1055.95** 
119.33** 66.97** 391.59** 9.9818 4323.04** 
47.60** 9.95** 214.69** 8.9500** 671.58** 
4.52 3.97 43.95** 2.0038** 175.08** 
7.66** 4.80 25.44 5.1128** 195.56** 
4.15 3.88 46.13** 1.6380** 172.68** 
3.94 3.62 29.19 0.9914 120.59 
2.30 2.42 20.60 1.1523 78.43 
4.14 3.76 30.20 0.9725 125.54 
Table 39. Means for agronomic traits over all environments for 20 
entries^ 
MST GH GHM 
(%) [Mg/ha(x 10)] [Mg/ha(x 10)] 
BS13(SCT)C0 24.48 68.78 61.05 
CI 23.06 73.03 66.12 
C2 23.13 73.05 66.14 
C3 23.53 75.86 68.20 
C4 22.24 71.49 65.50 
C5 23.04 70.00 63.46 
BSSS2(5CT)C0 22.84 70.11 63.65 
CI 22.50 69.83 63.79 
C2 21.46 66.83 61.90 
C3 21.08 71.96 67.09 
C4 21.40 68.00 62.99 
C5 20.64 67.04 62.73 
BS13(SCT)C0 X BS13CSCT)C5 23.48 80,85 72.93 
BSSS2CSCT)C0 X BSSS2CSCT)C5 21.57 77.27 71.43 
BS13CSCT)C0 X BSSS2CSCT)C0 23.01 75.24 68.29 
BS13(SCT)C5 X BSSS2CSCT)C5 21.62 81.62 75.54 
BS13(SCT)C0 X BSSS2(SCT)C5 22.02 78.09 71.76 
BSSS2(.SCT)C0 X BS13CSCT)C5 22.87 82.32 74.90 
Mol7 X À634 17.53 83.98 81.84 
B73 X Mol7 21.41 110.90 102.83 
Overall mean 22.15 75.79 69.58 
LSD (0.05) 0.62 3.82 3.52 
^Number of replications used for each mean: MST, GH, GHM, GPL, 
and FSC = 86; NSL = 81; NRL and DE = 76; EHT and ESC = 61; DTSK = 56; 
SV = 51; PHT = 40; PTIL = 35; DTSD and PS = 30. 
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GPL FSC ESC NRL NSL 
(lb/plant) (plants/ha) (plants/plot) (%) (%) 
0,2887 54488.6 54.39 73.57 92.60 
0,2949 56162.2 58.03 73.93 92.47 
0,3033 55306.0 57.90 79.28 87.94 
0,3107 56404.2 58.56 79.72 90.03 
0,2848 57077.8 59.74 81.03 90.74 
0,2810 56925.0 59.77 83.22 90.09 
0.2949 55081.5 56.77 76.22 90.70 
0.2827 56412,3 56.98 72.10 89.35 
0.2608 58334.3 60.69 71.87 89.26 
0.2873 57114.3 59.21 74.34 88.00 
0.2765 56390.4 57.49 70.67 91.34 
0.2679 57287.3 60.85 67.54 90.91 
0.3252 56476.1 58.49 77.64 91.24 
0.3094 56739.5 60.18 69.33 91.78 
0.3077 55798.8 58.28 73.19 92.07 
0.3196 58005.9 60.90 76.58 91.56 
0.3127 56872.0 59.17 67.57 91.16 
0.3235 57576.6 60.61 79.28 90.40 
0.3758 51328.0 49.82 85.11 96.45 
0.4350 57405.9 60.38 83.60 95.95 
0.3070 56359.3 58.41 75.79 91.20 
0.0172 1655.5 2.49 4,43 2.63 
Table 39. (Continued) 
DE EHT DISK 
(ears/plot) (cm) (days) 
BS13(SCT)C0 0.810 96.59 90.53 
Cl 0.598 95.97 89.29 
C2 0.754 100.21 88.39 
C3 0.474 97.29 88.80 
C4 0.666 94.69 87.68 
C5 0.622 91.45 88.59 
BSSS2(SCT)C0 1.005 98.16 90.45 
Cl 0.791 94.18 88.91 
C2 0.571 91.85 88.14 
C3 0.627 94.43 86.91 
C4 0.658 98.68 87.70 
C5 0.693 97.02 86.59 
BS13(SCT)C0 X BS13(SCT)C5 0.665 97.80 88.63 
BSSS2CSCT)C0 X BSSS2CSCT)C5 0.714 102.70 87.73 
BS13(SOT)GO X BSSS2(SCT)C0 0.656 99.74 90.16 
BS13CSCT)C5 X BSSS2CSCT)C5 0.698 99.96 86.59 
BS13CSCT)C0 X BSSS2CSCT)C5 0.802 100.64 88.16 
BSSS2(SCT)C0 X BS13(SCT)C5 0.530 98.67 88.23 
Mol7 X A634 0.796 88.77 84.50 
B73 X Mol7 1.283 101.62 86.95 
Overall mean 0.721 97.02 88.14 
LSD (0.05) 0.369 3.22 0.78 
129 
DTSD PS PTIL SV PHT 
(days) (days) (%) (1 to 9) (cm) 
87.40 -3.80 7.119 4.510 208.28 
85.67 -3.60 8.938 5.098 208.03 
84.53 -4.03 6.152 5.333 216.69 
84.57 -4.13 8.240 5.373 211.18 
83.20 -4.57 7.224 5.314 205.82 
83.90 -4.47 6.060 5.059 206.25 
85.13 -5.87 9.667 5.196 215.57 
84.47 -4.37 10.345 4.902 208.50 
84.20 -3.83 10.983 5.137 205.34 
82.70 -4.43 13.673 5.373 206.24 
82.60 -4.70 14.932 5.392 211.56 
82.60 -3.83 10.246 5.647 211.26 
84.43 -3.97 5.458 5.412 211.03 
83.00 -4.43 9.642 5.922 217.52 
85.43 -5.13 8.726 5.078 215.23 
82.90 -3.43 7.698 6.196 214.15 
83.67 -4.47 9.787 5.529 213.31 
84.10 -4.13 8.502 6.137 216.50 
81.33 -2.50 6.960 5.039 214.18 
83.27 -2.97 4.597 5.902 226.20 
83.96 -4.13 8.747 5.377 212.15 
1.03 0.98 3.138 0.555 5.86 
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BSSS2(SCT) from -5.87 to -3.83 days. Observed means of GH, GHM, and GPL 
increased significantly through the C3 of BS13(SCT) then decreased to 
levels similar to the CO. No consistent changes in means for GH and GHM 
occurred across cycles in BSSS2(SCT). GPL of BSSS2(SCT) significantly 
decreased from 0.295 to 0.268 lb/plant concurrent with selection. 
The GH and GHM of BS13(SCT)C5 x BSSS2(SCT)C5 were 81.6 and 75.5 Mg/ha 
Cx 10), respectively, which were significantly higher than BS13(SCT)C0 x 
B&SS2(.SCT)C0 but significantly lower than B73 x Mol7 (110.9 and 102.8 
Mg/ha X 10). 
Significant increases of 5.4 and 4.1 plants per plot occurred 
across cycles of BS13(SCT) and BSSS2(SCT), respectively, for ESC. Mol7 x 
A634 had significantly lower ESC than did any other entry. FSC reflected 
these trends even though all plots should have been thinned to equal 
stand. 
SV increased significantly through the C4 of BS13(.SCT), then 
decreased to levels insignificant from the CO. There were no changes in 
SV across cycles of BSSS2(SCT). The SV of the C5 x C5 population cross 
was rated 6.2 which was significantly greater than the 5.1 score of the 
CO X CO population cross. 
NRL increased in BS13(SCT) from 73.6% to 83.2% and decreased in 
BSS&2CSCT) from 76.2% to 67.5% concurrent with selection. NSL decreased 
through the C2 of BS13CSCT) and C3 of BSSS2(.SCT) then increased to 
levels insignificant from the CO. DE also significantly decreased 0.38 
ears/plot through the C3 of BSSS2(SCT) then increased. No significant 
changes across cycles existed for DE and PTIL in BS13CSCT). PTIL 
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increased through the C4 of BSSS2(SCT) then decreased to a level 
similar to the CO. 
EHT and PHT significantly increased through the C2 of BS13(SCT) 
then significantly decreased. EHT and PHT decreased through the C3 of 
BSSS2(SCT) then Increased to a level similar to the CO so there was no 
significant change across cycles. 
Genetic parameter estimates for the agronomic traits are shown in 
Table 40. Estimates of were significant for BS13 and BSSS2 for all 
traits except DE. Least squares estimates of Apa were significantly 
negative for MST (-0.16% averaged over populations), DTSK (-0.35 days) 
and DTSD (-0.31 days) in both populations. Estimates of DQ were 
significant and negative for MST, DTSK, and DTSD in BSSS2(SCT) and 
DTSK in BS13(SCT) . D^, however, was not significant for MST, DTSK, or 
DTSD in either population. Heterosis was significant for MST in both 
the CO and C5 population crosses and for DTSD in the CO population cross. 
2R was significant only for DTSK in BS13(SCT). Only estimates of AQ in 
both populations, Apa in BSSS2CSCT) and 2R in BS13(SCT) were significant 
for PS. 
Estimates of AQ, DQ, and Apa were significant for GH, GHM, and GPL 
in both populations. 2R also was significant but negative (-2.51 Mg/ha 
X 10 for GH averaged over populations and -2.28 Mg/ha x 10 for GHM). 
was significant only for GH in BS13(SCT). Heterosis between 
BS13(SCT)C0 and BSSS2(SCT)C0 was 5.80 Mg/ha (x 10), 6.54 Mg/ha (x 10) 
and 0.016 lb/plant for GH, GHM, and GPL, respectively. Only 
estimates of AQ, DQ, Apa and heterosis in both the CO and C5 population 
Table 40. Parameter estimates from the genetic gain analyses for 
agronomic traits over all environments 
Parameter MST GH GHM 
(%) [Mg/ha(x 10)] [Mg/ha(x 10)] 
Aq (BS13)* 24.83* ± 0.61 33.15* ± 3.60 29.57* ± 5.22 
Aq (BSSS2) 24.83* ± 0.61 15.45* ± 4.46 13.36* ± 6.47 
Dq (BS13)^ -0.29 ± 0.35 25.26* ± 2.06 22.76* ± 2.98 
Dq (BSSS2) -0.74* ± 0.35 32.87* ± 2.06 30.27* ± 2.98 
Apa CBS13)^ -0.11* ± 0.02 1.36* ± 0.17 1.32* ± 0.15 
Apa (BSSS2) -0.21* ± 0.02 0.69* ± 0.17 0.85* ± 0.15 
(BS13)^ 0.13 ± 0.12 1.68* ± 0.69 1.49 ± 1.00 
(BSSS2) -0.05 ± 0.12 0.30 ± 0.69 0.59 ± 1.00 
2R (BS13)^ -0.12 ± 0.06 -2.82* ± 0.34 -2.49* ± 0.32 
2R CBSSS2) 0.03 ± 0.06 -2.19* ± 0.34 -2.07* ± 0.32 
H (BS13 - BSSS2)^ -0.65* ± 0.15^ 5.80* ± 0.80 6.54* ± 0.74 
-0.45* ± 0.15^ 0.58 ±0.80 1.05 ±0.74 
^Estimated from 1981 data with 34 entries. 
^Estimated from 1980-1981 data with 20 entries. 
'"Heterosis in the CO population cross. 
^Heterosis in the C5 population cross. 
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GPL FSC ESC NKL 
(lb/plant) (plants/ha) (plants/plot) (%) 
0.1483* ± 0.0153 51596.2* ± 1182.0 59.99* ± 1.78 97.08* ± 4.45 
0.0761 ± 0.0190 51596.2* ± 1182.0 52.99* ± 1.78 97.08* ± 4.45 
0.0946* ± 0.0087 1682.6* ± 675.8 3.72* ± 1.02 -7.25* ± 2.55 
0.1257* ± 0.0087 1757.0* ± 675.8 3.03* ± 1.02 -4.46 ± 2.55 
0.0035* ± 0.0008 245.3* ± 54.9 0.45* ± 0.08 1.24* ± 0.18 
0.0018* ± 0.0008 142.1* ± 54.9 0.25* ± 0.08 -0.98* ± 0.18 
0.0056 ± 0.0029 65.2 ± 227.5 0.10 ± 0.34 1.18 ± 0.86 
-0.0011 ± 0.0029 297.5 ± 227.5 -0.35 ± 0.34 -0.02 ± 0.86 
-0.0096* ± 0.0017 -146.9 ± 169.4 -0.04 ± 0.25 -0.30 ± 0.37 
-0.0085* ± 0.0017 -3.7 ± 169.4 -0.16 ± 0.25 0.77* ± 0.37 
0.0160* ± 0.0040 
-0.0001 ± 0.0040 
1013.7* ± 397.3 
523.5 ± 397.3 
2.70* ± 0.59 
0.09 ± 0.59 
-1.71 ± 1.11 
2,39* ± 1.11 
Table 40. (Continued) 
Parameter NSL DE EHT 
(%) (ears/plot) (cm) 
Aq (BS13) 94.89* ± 3.35 0.537 ± 0.291 114.06* ± 4.40 
Aq (BSSS2) 94.89* ± 3.35 0.537 ± 0.291 114.06* ± 4.40 
Dq (BS13) -5.18* ± 1.91 -0.046 ± 0.166 9.13* ± 2.51 
Dq (BSSS2) -1.94 ± 1.91 0.096 ± 0.166 2.80 ± 2.51 
Apa (BS13) -0.20* ± 0.09 -0.017 ± 0.012 -0.15 ± 0.18 
Apa (BSSS2) 0.07 ± 0.09 -0.012 ± 0.012 0.74* ± 0.18 
(BS13) 1.01 ± 0.64 -0.012 ± 0.056 1.17 ± 0.85 
(BSSS2) 0.79 ± 0.64 -0.050 ± 0.056 2.29* ± 0.85 
2R (BS13) -0.22 ± 0.27 0.005 ± 0.038 -0.65 ± 0.36 
2R (BSSS2) -0.35 ± 0.27 -0.052 ± 0.038 -1.57* ± 0.36 
H (BS13 - BSSS2) 0.42 ± 0.63 -0.252* ± 0.090 2.87* ± 0.84 
0.01 ± 0.63 -0.075 ± 0.090 0.19 ± 0.84 
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DISK DTSD PS PTIL 
(days) (days) (days) (%) 
71.90* ± 0.68 71.41* ± 0.75 -2.57* ± 0.60 11.31* ± 4.310 
71.90* ± 0.68 71.41* ± 0.75 -2.57* ± 0.60 11.31* ± 4.310 
-0.87* ± 0.39 -0.60 ± 0.43 0.13 ± 0.34 -1.39 ± 2.464 
-2.02* ± 0.39 -1.51* ± 0.43 -0.24 ± 0.34 3.23 ± 2.464 
-0.31* ± 0.04 -0.32* ± 0.04 0.10 ± 0.06 -0.149 ± 0.118 
-0.39* ± 0.04 -0.29* ± 0.04 0.14* ± 0.06 0.210 ± 0.118 
-0.13 ± 0.13 -0.05 ± 0.14 0.04 ± 0.12 0.19 ± 0.829 
-0.00 ± 0.13 -0.01 ± 0.14 0.10 ± 0.12 -0.22 ± 0.829 
0.19* ± 0.09 -0.04 ± 0.12 -0.30* ± 0.11 0.497 ± 0.364 
0.10 ± 0.09 0.15 ± 0.12 -0.03 ± 0.11 0.662 ± 0.364 
-0.33 ± 0.21 
-0.27 ± 0.21 
-0.83* ± 0.28 
-0 .08 ± 0 .28 
-0.30 ± 0.26 
-0.11 ± 0.26 
0.333 ± 0.853 
2.444* i 0.853 
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Table 40. (Continued) 
Parameter SV PHT 
(1 to 9) (cm) 
Aq (BS13) 2.950* ± 0.816 227.74* ± 9.10 
Aq (BSSS2) 2.950* ± 0.816 227.74* ±9.10 
Dq (BS13) 0.637 ± 0.467 8.76 ± 3.20 
Dq (BSSS2) 1.562 ± 0.467 6.68 ± 5.20 
Apa (BS13) 0.147* ±0.028 0.13 ± 0.32 
Apa (BSSS2) 0.104* ±0.028 0.29 ± 0.32 
(BS13) 0.337* ± 0.157 3.56 ± 1.75 
(BSSS2) 0.141 ± 0.157 0.21 ± 1.75 
2R (BS13) -0.178* ±0.057 -0.84 ± 0.66 
2R (BSSS2) -0.134* ± 0.057 -1.42* ±0.66 
H CBS13 - BSSS2) 0.225 ± 0.133 
0.063 ± 0-133 
3.35* ± 1.54 
-0.27 ± 1.54 
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crosses were significant in both populations for ESC and FSC. AQ, Apa, 
and 2R were significant for SV in BS13(SCT) and BSSS2(SCT). Estimates 
of DQ in BSSS2(SCT) (1.56) and in BS13(SCT) (0.34) were significant 
for SV. 
Estimates of AQ were significant in both populations for NSL. The 
estimates of DQ and APa were -5.18%/cycle and -0.2%/cycle, respectively, 
in BS13(SCT). The .estimate of AQ was significant in both populations 
for NRL. The change in allelic frequency due to selection weighted by 
the average effect of an allelic substitution was 1.24%/cycle and 
-0.98%/cycle in BS13(SCT) and BSSS2(SCT), respectively. DQ was signifi­
cant and negative in BS13CSCT). Heterosis was not significant in the 
CO population cross and was 2.39% in BS13(SCT)C5 x BSSS2CSCT)C5. The 
estimate of drift due to restricted population sizes was 0.77%/cycle 
in BSSS2CSCT) for NEL. 
Only AQ and heterosis in the C5 population cross were significant 
for PTIL. None of the genetic parameter estimates except heterosis in 
the CO population cross were significant for DE. The mean of non-
segregating loci plus contributions of homozygous effects to the 
unselected populations was significant in both populations for EHT and 
PHT. Heterosis in the CO population cross was 2.87 cm and 3.35 cm for 
EHT and PHT, respectively. DQ was significant in BS13CSCT) for EHT. 
BSSS2(.SCT) had significant estimates of Apa and for EKT and 2R for 
EHT and PHT. 
Least squares estimates of correlated change unbiased by drift were 
significant in both populations for MST, DTSD, DTSK, GH., GPL, FSC, ESC, 
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GHM, and SV (Table 41) . For example, correlated change for NRL was 
3.37%/cycle in BS13(SCT) and -2.57%/cycle in BSSS2(SCT). Correlated 
changes were generally greater in BS13(SCT). For example, estimates of 
correlated change in GHM were 4.3%/cycle in BS13CSCT) and 2.7%/cycle 
in BSSS2(SCT). Greatest change was achieved in SV (6.5%/cycle in 
BS13(SCT) and 4.0%/cycle in BSSS2CSCT). The estimate of 2Apa was 
-0.43%/cycle in BS13CSCT) for NSL. No correlated changes were observed 
in either population for DE, PTIL, or PHT. Correlated changes in 
BSSS2(SCT) for EHT and PS were 1.5%/cycle and -4.8%/cycle, respectively. 
Entries x environments interactions were significant on data over 
all environments for MST, GH, GHM, GPL, FSC, ESC, NRL, NSL, DE, EHT, 
PTIL, SV, and PHT but were smaller than main effects (Table 38). The 
among populations x environment interactions were significant for all 
traits except GH, GHM, DTSK, DTSD, and PS. 
The analyses of variance over agronomic evaluation environments 
with two dates of planting was performed to determine if the significant 
G X E was due to differential entry responses to early versus normal 
planting dates (Table 42). There were significant differences among 
early, among normal, and early versus normal planting dates for MST, 
DTSK, and DTSD (Tables 42, 43, and 44). However, differences among the 
responses of the population entries to early versus normal planting 
dates were not significant for these traits. Selected cycles of 
BS13(SCT) and BSSS2CSCT) generally had significantly lower MST, DTSK, 
and DTSD than unselected cycles within both early and normal planting 
dates (Tables 45 and 46, respectively). For example, MST in BSSS2CSCT) 
Table 41. Correlated response for agronomic traits over all 
environments 
MST GH GHM GPL 
(%) (Mg/ha X 10) (Mg/ha X 10) (lb/plant) 
AG (BS13) -0.22* 2.72 2.64 0.0070 
-0.90^ 3.95 4.32 2.42 
AG CBSSS2) -0.42 1.38 1.70 0.0036 
-1.84 1.97 2.67 1.22 
in actual units/cycle. 
^AG in %/cycle (% of CO mean). 
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FSC ESC NRL NSL DE EHT 
(plants/ha) (plants/plot) (%) (%) (ears/plot) (can) 
490.6 0.90 2.48 -0.40 NS NS 
0.9 1.65 3.37 -0.43 NS NS 
284.2 0.50 -1.96 NS NS 1.48 
1.06 0.88 -2.57 NS NS 1.51 
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Table 41. (Continued) 
DISK DTSD PS PTIL SV PHT 
(days) (days) (days) (%) (1 to 9) (cm) 
AG (JBS13) -0.62 -0.64 NS NS 0.294 NS 
-0.68 -0.73 NS NS 6.52 NS 
AG (BSSS2) -0.78 -0.58 -0.28 NS 0.208 NS 
-0.86 -0.68 -4.77 NS 4.00 NS 
Table 42. Mean squares for analyses of variance combined over 
environments with early and normal planting dates for 
agronomic traits of 20 entries 
Mean squares 
df MST GH GHM 
Environments (E)^ 9 607.80** 16369.58** 12505.84** 
Among early (E^) 4 452.73** 8124.64** 7358.51** 
Among normal (Eg) 4 892.82** 28339.83** 20646.88** 
Early vs normal (Eg) 1 87.95** 1468.34 531.02* 
Entries (T) 19 109.41** 4237.31** 3879.57** 
Among populations (T^) 17 54.65** 1291.37** 1060.88** 
T X E^ 171 3.99 143.48** 120.60** 
T^ X E 153 3.54 116.03 95.79 
T X El 76 3.59 149.37** 127.65** 
T i X E i  68 3.44 113.39 95.27 
T X EG 76 4.54* 131.75* 108.11 
Ti X Eg 68 3.68 119.20 96.29 
T X E 3  19 3.40 166.82* 158.13* 
Ti X Eg 17 3.36 113.85 95.88 
Error^ 682 3.39 98.26 83.71 
degrees of freedom for environments: MST, GH, GHM, GPL, FSC, ESC, 
SV, DTSK = 9; NRL, EHT and DE = 7; NSL = 8; DTSD, PS, PTIL, and PHT = 3. 
^Degrees of freedom for T x E: MST, GH, GHM, GPL, FSC, ESC, SV, 
DTSK = 171; NRL, EHT and DE = 133; NSL = 152; DTSD, PS, PTIL, PHT = 57. 
^Degrees of freedom for error: MST, GH, GHM, GPL, FSC, ESC, SV, 
DTSK = 682; NRL, EHT and DE = 532; NSL = 608; DTSD, PS, PTIL, PHT = 304. 
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Mean squares 


















































































Environments (E) 9 36,735** 219094.12** 12548.98** 
Among early (E^) 4 39.930** 246368.90** 7045.34** 
Among normal (E^) 4 44.090** 264497.01** 10031.71** 
Early vs normal (E^) 1 5.090* 1061.16** 44632.67** 
Entries CT) 19 3.130* 
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Error 682 1.290 42.39 3.50 
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Mean squares 
DTSD PS PTIL SV PHI 
6016.49** 20.93** 3025.92** 57.9595** 6024.73** 
764.41** 5.12 5144.31** 71.3769** 174.66 
450.00** 39.61* 47.27 33.2536** 17732.21** 
16835.06** 18.06* 3886.19** 103.1131** 167.31 
40.56** 16.63** 118.07* 11.0181** 568.99** 
36.91** 12.22** 111.93* 10.1290** 355.03** 
5.15** 3.39 54.59** 1.7016** 87.72 
4.42 3.53 57.38** 1.4877** 84.52 
6.31 3.55 73.14** 1.5902** 135.14 
6.36 3.86 74.36** 1.5449** 142.09 
2.56 4.84* 40.03 1.6026** 37.97 
2.65 5.30* 42.70 1.3383 37.36 
6.59* 1.79 50.59 2.5432** 90.04 
4.24 1.43 55.08 1.8563* 74.11 
4.06 3.00 34.00 1.0106 120.48 
Table 43. Mean squares for analyses of variance combined over 
locations within the early planting dates for agronomic 
traits of 20 entries 
Mean squares 
Source df MST GH GHM 
Locations (L)^ 5 
Entries (T) 19 
Checks vs rest (T^) 2 
Among populations (T^) 17 
T X 95 
X L 10 




362.20** 8337.80** 7433.73** 
67.05** 3280.89** 3002.82** 
335.90** 22231.03** 20893.19** 
35.42** 1051.47** 898.07** 
3.17 151.02** 130.13** 
4.66* 566.35** 517.76** 
2.99 102.16 84.52 
2.80 96.30 81.69 
2.16 147.69 123.28 
2.87 90.38 76.90 
degrees of freedom for locations: MST, GH, GHM, GPL, FSC = 5; 
ESC, NRL, NSL, DE, EHT, DTSK, SV = 4; DTSD, PS, PTIL = 1; PHT = 2. 
^Degrees of freedom for T x L: MST, GH, GHM, GPL, FSC =95; ESC, 
NRL, NSL, DE, EHT, DTSK, SV = 76; DTSD, PS, PTIL = 19; PHT = 38. 
"^Degrees of freedom for error; MST, GH, GHM, GPL, FSC = 416; 




GPL FSC ESC NEL NSL 
0.73189** 10135231000.** 14748.93** 71484.85** 1648.01** 
0.06296** 300974460.** 415.24** 1660.42** 68.08** 
0.43162** 1569630800.** 1674.16** 5722.34** 215.46** 
0.01959** 151720770.** 267.13** 1182.55** 50.74* 
0.00394** 48894729.** 57.78** 214.22** 26.11** 
0.01141* 102798030.** 73.16** 123.79 22.03* 
0.00307 42553164.** 55.97** 224.86* 26.59** 
0.00261 25531546. 25.06 141.20 14.22 
0.00495 22106720. 19.23 69.90 7.81 
0.00234 25993576. 25.75 149.59 14.98 
Table 43. (Continued) 
Mean squares 
Source df DE EHT DTSK 
Locations (L) 5 
Entries (T) 19 
Checks vs rest (T^) 2 
Among populations (Tg) 17 
T X L 95 
X L 10 




31.414** 198314.72** 7045.34** 
1.228 353.04** 45.08** 
3.446 837.16* 148.26** 
0.968 296.08** 32.94** 
1.050* 105.40** 5.44* 
1.712 97.21* 5.39 
0.972 106.36* 5.45 
0.781 65.41 3.89 
0.794 35.89 2.73 
0.780 68.89 4.03 
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Mëaii squares 
DTSD PS PTIL SV PHT 
764.41** 5.12 5144.31** 71.3769** 1554.37** 
19.62** 12.53** 136.25** 8.9761** 749.35** 
8.46 45.67** 136.71 21.0494** 2390.84** 
20.93** 8.63** 136.19** 7.5557** 556.23 
6.31 3.55 73.14 1.5902* 288.48** 
5.86 0.96 62.77 1.9756 56.92 
6.36 3.86 74.36 1.5449* 315.72** 
5.72 3.50 50.80 1.1364 167.62 
3.12 2.82 37.06 1.5210 82.69 
6.02 3.58 52.41 1.0911 177.61 
Table 44. Mean squares for analyses of variance combined over 
locations within normal planting dates for agronomic traits 
of 20 entries 
Mean squares 
Source df MST GH GHM 
Locations (L)^ 11 787.29** 29181.11** 20243.43** 
Entries (T) 19 120.61** 5143.54** 4916.61** 
Checks vs rest (T^) 2 673.22** 38463.53** 38276.69** 
Among populations (Tg) 17 55.59** 1223.54** 991.89** 
T X 209 4.60** 158.10** 132.14** 
X L 22 12.66** 573.61** 464.52** 
X L 187 3.65* 109.22 93.03 
Error^ 874 2.93 109.26 95.58 
92 1.86 184.75 170.06 
782 3.05 100.38 86.81 
^Degrees of freedom for locations: MST, GH, GHM, GPL, FSC, and 
NSL = 11; NSL and DE = 10; EHT and DTSK = 6; DTSD and PS = 3; PTIL and 
PHT = 4; SV = 5; ESC = 7. 
^Degrees of freedom for T x L: MST, GH, GHM, GPL, FSC, and NSL = 
209; ESC = 133; NRL and DE = 190; EHT and DTSK = 114; DTSD and PS = 
57; PTIL and PHT = 76; SV = 95. 
'^Degrees of freedom for error: MST, GH, GHM, GPL, FSC, and NSL = 
874; ESC = 570; NRL and DE = 798; EHT and DTSK = 494; DTSD and PS = 
304; PTIL and PHT = 380; SV = 418. 
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Mean squares 
GPL FSC ESC NRL NSL 
0.71742** 1886158000.** 2540.08** 73258.26** 10190.79** 
0.07668** 31387040.** 128.17** 867.55** 354.23** 
0.58536** 201813710.** 953.49** 2053.90** 2197.27** 
0.01684** 11336843. 31.07 727.98** 137.40* 
0.00254 12034948. 17.86 157.40** 89.94** 
0.00687* 17219031. 27.98 360.04** 238.93** 
0.00203 11425056. 16.67 133.56** 72.41** 
0.00217 14630379. 20.96 55.55 31.83 
0.00376 15228402. 21.22 55.89 13.35 
0.00198 14560023. 20.93 57.38 34.01 
Table 44. (Continued) 
Source df DE 
Mean squares 
EHT DISK 
Locations (L) 11 189.318** 176297.31** 9109.10** 
Entries (T) 19 2.579* 464.08** 75.10** 
Checks vs rest (T^) 2 10.165* 1801.68** 308.63** 
Among populations (Tg,) 17 1.687* 306.71** 47.63** 
T X L 209 1.421** 60.15 3.57 
X L 22 4.266 81.35** 8.74** 
















DTSD PS PTIL SV PHT 
4487.96** 240.88** 593.54** 111.4199** 51028.54** 
42.53** 6.88* 139.34** 3.0147 547.21** 
133.62** 27.50** 257.61** 1.0321 2173.92* 
31.81** 4.45 125.32** 3.2479* 355.83** 
3.10 4.29 37.10** 2.1489** 102.01 
3.23 5.61* 21.89 6.2251** 253.33** 
3.08 4.13 38.90** 1.6694** 84.20 
3.06 3.69 20.55 0.8729 92.37 
1.89 2.22 14.01 0.8507 75.88 
3.20 3.86 21.32 0.8755 94.30 
Table 45. Means for agronomic traits over all locations within the 
early planting dates for 20 entries^ 
MST GH GHM 
(%) [Mg/ha(x 10)] [Mg/ha(x 10)] 
BS13(SCT)C0 25.83 72.44 63.51 
CI 23.65 76.54 69.11 
C2 23.45 78.00 70.71 
C3 24.53 81.25 72.58 
C4 22.51 76.35 70.01 
C5 23.70 74.83 67.54 
BSSS2(SCT)C0 23.20 79.59 72.36 
CI 23.22 74.75 67.96 
C2 22.55 71.40 65.38 
C3 21.67 78.38 72.75 
C4 22.27 71.65 65.96 
C5 21.47 70.41 65.42 
BS13(SCT)C0 X BS13(SCT)C5 24.16 87.37 78.30 
BSSS2(SCT)C0 X BSSS2(SCT)C5 22.39 82.90 76.17 
BS13(SCT)C0 X BSSS2(SCT)C0 24.11 83.45 74.92 
BS13(SCT)C5 X BSSS2(SCT)C5 21.65 89.35 82.87 
BS13(SCT)C0 X BSSS2(SCT)C5 22.54 85.67 78.50 
BSSS2(SCT)C0 X BS13(SCT)C5 23.48 89.09 80.74 
Mol7 X A634 18.22 84.61 81.95 
B73 X Mol7 21.78 120.57 111.46 
Overall mean 22.82 81.35 74.33 
LSD (0.05) 0.89 5.04 4.64 
^Number of replications used for each mean: MST, GH, GHM, GPL, 
FSC = 28; ESC, NRL, NSL, DE, EHT, DISK, and SV = 23; DTSD, PS, and 
PTIL = 10; PHT = 15. 
155 
GPL FSC ESC NKL NSL 
(lb/plant) (plants/ha) (plants/plot) (Z) (%) 
0.3380 49032.6 44.22 66.13 96.22 
0.3309 52582.1 49.70 68.27 96.29 
0.3607 50585.7 48.13 72.89 93.74 
0.3599 53550.9 50.52 71.56 93.56 
0.3186 54916.9 54.13 76.97 94.72 
0.3149 54575.6 54.43 79.25 93.71 
0.3618 51289.6 48.00 68.83 93.97 
0.3240 53878.9 48.78 60.08 92.86 
0.2871 57440.0 55.30 58.81 95.26 
0.3226 56126.6 51.91 63.36 89.84 
0.3168 52806.8 50.22 62.30 94.81 
0.2952 55334.2 56.22 55.25 95.09 
0.3730 53441.1 51.74 73.21 95.46 
0.3473 54915.2 55.57 58.22 94.20 
0.3691 51818.8 49.91 64.98 94.09 
0.3619 57183.3 56.78 68.73 94.33 
0.3667 53994.7 52.27 58.38 95.35 
0.3589 57090.6 54.52 75.84 92.82 
0.4504 43227.7 39.91 83.75 97.54 
0.4895 55358.6 54.70 83.18 97.40 
0.3521 53457.5 51.35 68.50 94.56 
0.0260 3417.0 4.89 8.67 2.98 













BS13(SCT)C0 X BS13(SCT)C5 
BSSS2(SCT)C0 X BSSS2(.SCT)C5 
BS13(SCT)C0 X BSSS2(SCT)C0 
BS13(SCT)C5 X BSSS2CSCT)C5 
BS13(SCT)C0 X BSSS2(SCT)C5 
BSSS2(.SCT)C0 X BS13CSCT)C5 
Mol7 X A634 
B73 X Mol7 
Overall mean 
LSD (0.05) 
DE EHT DISK 
(ears/plot) (cm) (days) 
0.187 88.21 99.86 
0.418 86.46 98.52 
0.237 93.22 97.74 
0.279 89.45 98.04 
0.420 86.26 97.04 
0.711 83.46 97.96 
0.589 86.21 99.61 
0.560 85.99 98.43 
0.353 81.51 97.35 
0.548 86.26 95.91 
0.332 89.78 96.70 
0.435 91.25 95.78 
0.219 87.12 98.13 
0.198 94.96 97.26 
0.751 93.12 99.22 
0.853 90.77 95.78 
0.651 92.37 97.52 
0.288 89.86 97.61 
0.379 82.42 94.09 
1.000 94.49 96.70 
0.470 88.66 97.46 
0.522 5.72 1.20 
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DTSD PS PTIL SV PHT 
(days) (days) (%) (1 to 9) (cm) 
98.70 -4.20 10.484 4.174 202.26 
98,20 -2.70 10.831 4.696 200.09 
96.30 -3.90 10.500 5.000 211.75 
96.00 -3.90 12.961 4.913 203.36 
94.60 -5.00 12.181 5.261 193.31 
95.70 -4.70 10.667 4.826 197.86 
96.40 -6.70 17.637 5.174 209.61 
96.10 -4.40 18.136 4.783 194.96 
95.90 -3.50 14.246 5.043 193.90 
93.30 -4.80 19.415 5.478 196.45 
92.70 -4.90 20.702 5.217 203.12 
95.00 -3.00 16.264 5.696 210.89 
95.70 -4.10 6.964 5.217 200.12 
95.00 -4.50 13.576 5.783 211.64 
96.20 -5.60 11.860 4.826 208.95 
94.30 -3.60 10.035 6.609 204.54 
95.30 -4.40 13.949 5.304 203.16 
95.60 -4.80 11.250 6.217 205.72 
94.30 -1.80 11.459 4.261 209.89 
95.80 -2.50 8.330 6.174 220.16 
95.56 -4.15 13.072 5.230 204.09 
2.16 1.67 6.492 0.718 13.25 
Table 46. Means for agronomic traits over all locations within the 
normal planting dates for 20 entries^ 
MST GH GHM 
(%) [Mg/ha(x 10)] [Mg/ha(x 10)] 
BS13(SCT)C0 23.83 67.01 59.87 
CI 22.78 71.33 64.68 
C2 22.97 70.65 63.94 
C3 23.04 73.25 66.09 
C4 22,12 69.14 63.31 
C5 22.72 67.67 61.49 
BSSS2(SCT)C0 22.67 65.53 59.44 
CI 22.15 67.45 61.78 
C2 20.94 64.69 60.23 
C3 20.79 68.86 64.35 
C4 20.99 66.23 61.56 
C5 20.24 65.40 61.43 
BS13(SCT)C0 X BS13(SCT)C5 23.15 77.71 70.34 
BSSS2(SCT)C0 X BSSS2(SCT)C5 21.17 74.56 69.15 
BS13(SCT)CG X BSSS2(SCT)C0 22.47 71.28 65.09 
BS13(SCT)C5 X BSSS2(SCT)C5 21.60 78.02 72.12 
BS13(SCT)C0 X BSSS2(SCT)C5 21.77 74.44 68.50 
BSSS2(SCT)C0 ; X BS13(SCT)C5 22.58 79.06 72.08 
Mol7 X A634 17.20 83.68 81.78 
B73 X Mol7 21.23 106.40 98.81 
Overall mean 22.11 70.68 64.75 
LSD (0.05) 0.78 4.60 4.21 
^Number of replications used for each mean: MST, GH, GHM, GPL, 
FSC, and NSL = 58; ESC = 38; NRL and DE = 53; EHT and DISK = 33; 
DTSD and PS = 20; PTIL and PHT = 25. 
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GPL FSC ESC NRL NSL 
(lb/plant) (plants/ha) (plants/plot) (%) (%) 
0.2648 57122.6 60.55 76.80 91.16 
0.2775 57890.5 63.08 76.38 90.95 
0.2757 57584.7 63.82 82.06 85.64 
0.2869 57781.6 63.42 83.26 88.63 
0.2684 58121.1 63.13 82.79 89.17 
0.2647 58059.2 63.00 84.94 88.65 
0.2626 56912.1 62.08 79.43 89.40 
0.2628 57635.2 61.95 77.32 87.96 
0.2481 58766.1 64.95 77.54 86.88 
0.2703 57591.1 63.63 79.10 87.27 
0.2570 58120.4 61.89 74.30 89.96 
0.2547 58230.1 63.66 72,88 89.26 
0.3022 57941.3 62.58 79.56 89.57 
0.2911 57620.2 62.97 74.15 90.82 
0.2781 57720.2 63.34 76.75 91.26 
0.3000 58402.9 63.39 79.99 90.46 
0.2867 58261.1 63.16 71.55 89.51 
0.3065 57811.1 64.29 80.78 89.45 
0.3398 55238.5 55.82 85.70 96.03 
0.4096 58394.3 63.82 83.91 95.38 
0.2754 57865.1 62.99 78.31 89.22 
0,0170 1382,1 2.19 4.80 3.47 













BS13(SCT)C0 X BS13(SCT)C5 
BSSS2(SCT)C0 X BSSS2(SCT)C5 
BS13(SCT)C0 X BSSS2CSCT)C0 
BS13(.SCT)C5 X BSSS2(SCT)C5 
BS13(SCT)C0 X BSSS2(,SCT)C5 
BSSS2(.SCT)C0 X BS13(SCT)C5 
Mol7 X A634 
B73 X Mol7 
Overall mean 
LSD (0.05) 
DE EHT DISK 
(ears/plot) (cm) (days) 
1.080 102.44 84.30 
0.676 102.60 82.85 
0.778 105.07 81.88 
0.558 102.76 82.36 
0.772 100.57 81.15 
0.583 97.02 82.06 
1.186 106.48 84.06 
0.891 99.88 82.27 
0.666 99.05 81.73 
0.662 100.13 80.64 
0.800 104.88 81.42 
0.805 101.04 80.18 
0.858 105.24 82.00 
0.937 108.11 81.09 
0.614 104.35 83.85 
0.631 106.35 80.18 
0.867 106.40 81.64 
0.636 104.82 81.70 
0.977 93.20 77.82 
1.406 106.60 80.15 
0.789 103.18 81.96 
0.456 2.88 1.02 
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DTSD PS PTIL SV PHT 
(days) Cdays) (%) (1 to 9) (cm) 
81.75 -3.60 5.773 4.786 211.90 
79.40 -4.05 8.182 5.429 212.80 
78.65 -4.10 4.413 5.607 212.66 
78.85 -4.25 6.351 5.750 215.87 
77.50 -4.35 5.242 5.357 213.33 
78.00 -4.35 4.217 5.250 211.28 
79.50 -5.45 6.479 5.214 219.15 
78.65 -4.35 7.228 5.000 216.63 
78.35 -4.00 9.678 5.214 212.21 
77.40 -4.25 11.376 5.286 212.12 
77.55 -4.60 12.624 5.536 216.62 
76.40 -4.25 7.838 5.607 211.48 
78.80 -3.90 4.855 5.571 217.58 
77.00 -4.40 8.068 6.034 221.05 
80.05 -4.90 7.473 5.286 219.09 
77.20 -3.35 6.764 5.857 219.92 
77.85 -4.50 8.123 5.714 219.41 
78.35 -3.80 7.403 6.071 222.97 
74.85 -2.85 5.161 5.679 216.76 
77.00 -3.20 3.104 5.679 229.83 
78.40 -4.25 7.338 5.480 216.28 
1.09 1.21 3.411 0.776 5.43 
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decreased from 23.2% to 21.5% across cycles in early planted environments 
and from 22.7% to 20.2% in normal. 
Among early planting dates mean square was not significant for PS, 
although among normal and early vs normal mean squares were significant 
(Table 42). The among populations x early vs normal mean square was 
not significant for PS. The CO and C5 cycles of BS13(SCT) had similar 
PS at both dates but BSSS2(SCT)C5 had a significantly shorter PS than the 
CO at early dates (Tables 45 and 46). The PS of the CO x CO population 
cross was -5.3 days which was significantly longer than the C5 x C5 
cross of -3.5 days at both planting dates. 
Date of planting did not affect mean GH (Table 42), although mean 
GHM and GPL were significantly influenced by early versus normal dates. 
However, there were no differential responses among population entries 
to early versus normal planting dates for GH, GHM, and GPL. Entry 
means of both populations fluctuated across cycles for GH, GHM, and GPL 
at both planting dates. For example, GHM increased from 63.5 Mg/ha 
(x 10) for BS13(SCT)C0 to 72.6 Mg/ha (x 10) in the C3 at early dates 
and from 57.9 Mg/ha (x 10) to 66.1 Mg/ha (x 10) in the C3 at normal 
dates (Tables 45 and 46). The C5 x C5 population cross had significantly 
higher GH and GHM than the CO x CO population cross at both planting 
dates (6.32 Mg/ha x 10 and 7.49 Mg/ha x 10, respectively, averaged over 
planting dates). The GH and GHM of BS13(SCT)C5 x BSSS2(SCT)C5 was 
similar and lower than Mol7 x A634 in the early and normal planting 
dates, respectively. The C5 x C5 population cross had significantly 
lower GH and GHM than B73 x Mol7 at both planting dates. GPL of the 
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C5 X C5 population cross was significantly greater than the CO x CO 
population cross only at normal planting dates. 
Among early and among normal mean squares were significant for 
ESC, FSC, and SV (Table 42). However, only the mean ESC and SV were 
altered by early versus normal environment. Population entries had 
differential ESC, FSC, and SV responses to early versus normal planting 
dates. Significant increases occurred across cycles within BS13(SCT) 
and BSSS2(SCT) for ESC and FSC at early planting dates. ESC was 
increased from 44,2 plants/plot to 54.1 plants/plot in BS13CSCT) and 
from 48.0 to 56.2 in BSSS2(SCT). No changes in ESC and FSC generally 
occurred in either population at normal dates. The C5 x C5 population 
cross had significantly higher ESC (difference of 6.87 plants/plot) and 
FSC (5364.5 plants/ha) than the CO x CO only at the early planting date. 
Mol7 X À634 had significantly lower ESC and FSC than any other entry at 
both planting dates. SV scores were not significantly different between 
the unselected and C5 cycles in either population or at either planting 
dates. The C5 x C5 population cross had significantly higher SV (6.61 
versus 4.83) than the CO x CO population cross only at early planting 
dates. 
The among populations x early vs normal planting dates mean squares 
were significant for NSL and DE. The interaction for ÏISL, however, was 
not due to differential performance between the CO and C5 cycles at 
different planting dates. The unselected and C5 cycles generally did 
not differ for either population or planting date for NSL. DE increased 
from 0.19 to 0.71 ears/plot across cycles of BS13(SCT) within early 
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dates and decreased 1.10 to 0.58 ears/plot within normal planting dates. 
No change in DE occurred across cycles of BSSS2(SCT) at early dates. 
BSSS2(SCT)C0 and C5 did not significantly differ for DE at normal dates. 
Differences among population entries were not altered by date of 
planting for NRL and PTIL. NKL increased 10.6% (averaged over planting 
dates) and decreased 10.1% concurrent with selection in BS13CSCT) and 
BSSS2(SCT), respectively, at both planting dates. No consistent changes 
in PTIL occurred across cycles in BS13(SCT) at either date or in 
BSSS2CSCT) at early dates. BSSS2(SCT)C0 and C5 were not significantly 
different for PTIL at normal dates. 
Among population entries did not show a differential response to 
early versus normal planting dates for EHT and PHT (Table 42). No 
changes occurred across cycles for PHT in BS13(SCT) at either date or 
EHT at early dates. EHT decreased 5.4 cm across cycles of BS13(SCT) at 
normal dates. PHT and EHT decreased 7.7 and 5.4 cm, respectively, 
across cycles of BSSS2(SCT) at normal dates. No change occurred in 
EHT of BSSS2(SCT) at early dates. BSSS2(SCT)C0 and C5 were not 
significantly different for PHT at early dates. 
Genetic parameter estimates for agronomic traits are shown for 
early and normal planting dates in Tables 47 and 48, respectively. Aq, 
Dq, and Dj^ were not estimated for early dates because only one 1981 
location with 34 entries was used. 
Estimates of Apa were significant and negative for MST, DTSK, and 
DTSD in both populations at both planting dates. 2R was not significant 
for these traits. Heterosis was not significant in either population 
Table 47. Parameter estimates from the genetic gain analyses and 
correlated response for agronomic traits over all locations 
within the early planting dates 
Parameter MST GH GHM 
(%) (Mg/ha X 10) (Mg/ha X 10) 
Apa (BS13) -0. 18* ± 0.03 1.50* ± 0.29 1.50* ± 0.27 
Apa (BSSS2) -0. 22* ± 0.03 0.55 ± 0.29 0.78* ± 0.27 
2R (BS13) -0. 08 ± 0.10 -2.99* ± 0.59 -2.64* ± 0.54 
2R (BSSS2) 0. 15 ± 0.10 -2.70* ± 0.59 -2.66* ± 0.54 
H (BS13 - BSSS2) -0. 40 ± 0.24* 7.43* ± 1.38 6.99* ± 1.27 
-0. ,74* ± 0.24^ 2.50 ± 1.38 3.15* ± 1.27 
AG (BS13) -0.36^ 3.00 3.00 
-1.39^ 4.14 4.72 
AG (BSSS2) -0.44 NS 1.56 
-1.89 NS 2.16 
^Heterosis in the CO population cross. 
^Heterosis in the C5 population cross, 
in actual units/cycle. 
in %/cycle (% of CO mean). 
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GPL FSC ESC NKL 
(lb/plant) (plants/ha) (plants/plot) (%) 
0.00107 ± 0.00140 619.3* ± 126.48 0.943* ± 0.160 1.510* ± 0.321 
0.00056 ± 0.00140 224.9 ± 126.48 0.564* ± 0.160 -0.958* ± 0.321 
-0.00835* ± 0.00285 -478.2 ± 390.6 -0.295 ± 0.494 -0.918 ± 0.990 
-0.01060* ± 0.00570 -96.2 ± 390.6 -0.695 ± 0.494 1.211 ± 0.990 
0.01920* ± 0.00668 1657.7 ± 915.83 3.804* ± 1.159 -2.50 ± 2.32 
0.00955 ± 0.00668 792.5 ± 915.83 -1.018 ± 1.159 2.21 ± 2.32 
NS 1238.6 1.886 3.020 









Table 47. (Continued) 
Parameter NSL DE EHT 
(%) (ears/plot) (cm) 
Apa (BS13) -0.24* ± 0.11 0.021 ± 0.020 -0.42 ± 0.22 
Apa (BSSS2) 0.14 ± 0.11 -0.001 ± 0.020 0.44 ± 0.22 
2R (BS13) -0.18 ± 0.34 0.093 ± 0.062 0.23 ± 0.68 
2R (BSSS2) -0.30 ± 0.34 -0.001 ± 0.062 -1.22 ± 0.68 
H (BS13 - BSSS2) -1.00 ± 0.80 0.363* ± 0.112 5.91* ± 1.60 
-1.26 ± 0.80 0.510* ± 0.112 -0.21 ± 1.60 
AG (BS13) -0.48 NS NS 
-0.50 NS NS 







DISK DTSD PS PTIL 
(days) (days) (days) (%) 
-0.23* ± 0.04 -0.32* + 0.08 -0.06 ± 0.06 -0.041 ± 0.237 
-0.36* ± 0.04 -0.27* ± 0.08 0.23* ± 0.06 0.086 ± 0.237 
0.14 ± 0.14 -0.01 ± 0.24 -0.26 ± 0.19 1.443 ± 0.731 
-0.01 ± 0.14 -0.08 ± 0.24 -0.03 ± 0.19 0.893 ± 0.731 
-0.52 ± 0.33 -1.35* ± 0.56 -0.15 ± 0.44 -2.740 ± 1.713 
-0.75* ± 0.33 -1.26* ± 0.56 -0.48 ± 0.44 2.404 ± 1.713 
-0.46 -0.64 NS NS 










Table 47. (Continued) 
Parameter SV PHT 
(1 to 9) (cm) 
Apa (BS13) 0.222* ± 0.040 -0.58 ± 0.47 
Apa (BSSS2) 0.121* ±0.040 0.17 ± 0.47 
2R (BS13) -0.272* ± 0.082 -0.22 ± 1.45 
2R (BSSS2) -0.141 ± 0.082 -1.10 ± 1.45 
H (BS13 - BSSS2) 0.152 ± 0.193 3.02 ± 3.41 
0.208 ± 0.193 -3.10 ± 3.41 
AG (BS13) 0.444 NS 
10.637 NS 




Table 48. Parameter estimates from the genetic gain analyses for 
agronomic traits over all locations within the normal 
planting dates 
Parameters MST GH GHM 
(% :) (Mg/ha X 10) (Mg/ha X 10) 
AQ (BS13)* 24.83* ± 0.70 33.15* ± 3.96 29.57* + 3.32 
AQ (BSSS2) 24.83* ± 0.70 15.45* ± 4.92 13.36* + 4.12 
DQ (BS13)^ -0.29 ± 0.40 25.26* + 2.27 22.76* ± 1.91 
Dq (BSSS2) -0.74 ± 0.40 32.87* ± 2.27 30.27* ± 1.91 
Apa (BS13)^ —0.08* ± 0.03 1.31* ± 0.21 1.24* + 0.19 
Apa (BSSS2) -0.21* + 0.03 0.78* + 0.21 0.89* ± 0.19 
(3513)^ 0.13 + 0.13 1.68* + 0.76 1.49* + 0.64 
(BSSS2) -0.05 + 0.13 0.30 ± 0.76 0.59 ± 0.64 
2R (BS13)^ -0.15 + 0.08 -2.75* + 0.43 -2.43* + 0.41 
2R (BSSS2) -0.03 + 0.08 -1.96* 0.43 -1.79* + 0.41 
H CBS13 - BSSS2)^ -0.78* ± 0.19^ 5.01* ± 1.02 5.44* ± 0.95 
-0.31 ± 0.19^ 0.30 ± 1.02 0.10 + 0.95 
Estimated from 1981 data with 34 entries. 
^Estimated from 1980-1981 data with 20 entries. 
^Heterosis in the CO population cross. 
'^Heterosis in the C5 population cross. 
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GPL FSC ESC NRL 
(lb/plant) (plants/ha) (plants/plot) (%) 
0.1483* ± 0.0169 51596.2* ± 1343.9 52.99* ± 2.06 97.08* ± 5.01 
0.0761* ± 0.0210 51596.2* ± 1343.9 52.99* ± 2.06 97.08* ± 5.01 
0.0946* ± 0.0097 1682.6* ± 768.4 3.72* ± 1.18 -7.25* ± 2.86 
0.1257* ± 0.0097 1757.0* ± 768.4 3.03* ± 1.18 -4.46 ± 2,86 
0.0047* ± 0.0008 64.7 ± 50.5 0.16* ± 0.07 0.97* ± 0.16 
0.0024* ± 0.0008 102.1* ± 50.5 0.05 ± 0.07 -0.58* ± 0.16 
0.0056 ± 0.0033 65.2 ± 258.6 0.10 ± 0.40 1.18 ± 0.96 
-0.0011 ± 0.0033 297.5 ± 258.6 -0.35 ± 0.40 -0.02 ± 0.96 
-0.0103* ± 0.0019 13.1 ± 156.1 0.10 ± 0.23 -0.03 ± 0.50 
-0.0075* ± 0.0019 41.0 ± 156.1 0.17 ± 0.23 0.58 ± 0.50 
0.0144* ± 0.0045 
-0.0044 ± 0.0045 
702.9 ± 366.0 
393.5 ± 366.0 
2.03* ± 0.54 
0.76 ± 0.54 
-1.36 ± 1.18 
2.47* ± 1.18 
Table 48. (Continued) 
Parameters NSL DE EHT 
(%) (ears/plot) (cm) 
Aq (BS13) 94.89* ± 3.88 0.537* ± 0.329 114.06* ± 4.04 
Aq (BSSS2) 94.89* ± 3.88 0,537* ± 0.329 114.06* ± 4.04 
Dq (BS13) -5.18* ± 2.22 -0.046 ± 0.188 9.13* ± 2.31 
Dq (BSSS2) -1.94 ± 2.22 0.096 ± 0.188 2,80 ± 2.31 
Apex (BS13) -0.18 ± 0.11 -0.033* ± 0.015 0.10 ± 0.20 
apa (BSSS2) 0.04 ± 0.11 -0.016 ± 0.015 0.64* ± 0.20 
(BS13) 1.01 ± 0.75 -0.012 ± 0.063 1.17 ± 0,78 
(BSSS2) 0,79 ± 0,75 -0,050 ± 0,063 2,29* ± 0,78 
2R (BS13) -0.23 ± 0.35 -0,033 ± 0.046 -1.26* ± 0.41 
2R (BSSS2) -0.37 ± 0.35 -0.074 ± 0.046 -1.81* ± 0.41 
H (BS13 - BSSS2) 0.98 ± 0.83 -0.519* ± 0.082 -0.11 ± 0.97 
0.01 ± 0.83 -0.329* ± 0.082 -0.36 ± 0.97 
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DISK DTSD PS PTIL 
(days) (days) (days) (%) 
71.90* ± 0.60 71.41* ± 0.75 -2.57* ± 0.82 11.31* ± 4.31 
71.90* ± 0.60 71.41* ± 0.75 -2.57* ± 0.82 11.31* ± 4.31 
-0.87* ± 0.34 -0.60 ± 0.43 0.13 ± 0.34 -1.39 ± 2.46 
-2.02* ± 0.34 -1.51* ± 0.43 -0.24 ± 0.34 3.23 ± 2.46 
-0.26* ± 0.04 -0.30* ± 0.06 0.13 ± 0.07 -0.19 ± 0.13 
-0.34* ± 0.04 -0.39* ± 0.06 0.09 ± 0.07 0.26* ± 0.13 
-0.13 ± 0.12 -0.05 ± 0.14 0.04 ± 0.12 0.19 ± 0.83 
-0.00 ± 0.12 -0.01 ± 0.14 0.10 ± 0.12 -0.22 ± 0.83 
0.22 ± 0.11 -0.05 ± 0.12 -0.32* ± 0.14 0.12 ± 0.40 
0.18 ± 0.11 0.26* ± 0,12 -0.03 ± 0.14 0.57 ± 0.40 
-0.33 ± 0.27 
0.04 ± 0.27 
-0.58 ± 0.29 
0.51 ± 0.29 
-0.38 ± 0.32 
0.08 ± 0.32 
1.35 ± 0.93 
2.46* ± 0.93 
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Dq (BS13) 0.337 
Dq CBSSS2) 0.141 
Apa (BS13) 0.048 
Apa (BSSS2) 0.044 
(3S13) 0.337 
CBSSS2) 0.141 
2R (BS13) -0.101 
2E (BSSS2) -0.128 




227.74* ± 9.10 
227.74* ± 9.10 
± 0.573 8.76 ± 5.20 
± 0.573 6.68 ± 5.20 
± 0.025 0.51 ± 0.30 
± 0.025 0.12 ± 0.30 
± 0.193 3.56* ± 1.75 
± 0.193 0.21 ± 1.75 
± 0.077 -1.22 ± 0.61 
± 0.077 -1.62* ± 0.61 
± 0.18 4.39* ± 1.42 
± 0.18 0.34 ± 1.42 
SV 
(1 to 9) 
2.949* ± 1.001 
2.949* ± 1.001 
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cross for DISK or DTSD at normal dates but was significant in the C5 
population cross at early dates. BS13(SCT)C0 x BSSS2(SCT)C0 had 
significant heterosis for MST at normal dates whereas heterosis was 
significant in the C5 population cross at early dates. The estimate of 
2R was significant only for PS (-0.32 days) in BS13(SCT) at normal 
dates. 
The estimate of Apa was significant for GHM in both populations 
and GH in BS13(SCT) at early planting dates. Estimates of change in 
allelic frequency weighted by the average effect of an allelic 
substitution were significant for GH, GHM, and GPL for both populations 
at normal dates. 2R was significant for GH C-2.6 Mg/ha x 10 averaged 
over populations and planting dates), GHM (-2.4 Mg/ha x 10) and GPL 
(-0.009 lb/plant) in both populations at both dates. Heterosis 
was generally only significant in the CO population cross for GH, GHM, 
and GPL. Estimates of heterosis were larger at early planting dates. 
For example, heterosis in the CO population cross for GH was 5.01 
Mg/ha (x 10) at normal dates and 7.43 Mg/ha (x 10) at early dates. 
The estimates of Apa were significant for ESC in both populations 
and FSC in BS13(SCT) at early planting dates. Estimates of Apa were 
significant for ESC in BS13(SCT) and for FSC in BSSS2(SCT) at normal 
dates. Drift due to restricted population sizes was not significant 
for ESC or FSC at either date. Heterosis was only significant in 
BS13(SCT)C0 X BSSS2(SCT)C0 for ESC and was never significant for FSC. 
Apa in both populations and 2R in BS13(SCT) were significant for SV at 
early dates, but these parameters were not significant at normal dates. 
176 
Estimates of Apa were 1.24% (averaged over dates of planting) and 
-0.769% for NRL in BS13(SCT) and BSSS2(SCT), respectively. Drift due 
to restricted population size was not significant for NRL. Heterosis 
was significant only in the C5 population cross at normal planting 
dates. Apa was the only parameter that was significant for NSL (-0.24%) 
in BS13(SCT) at early dates. Heterosis in both population crosses at 
both dates and Apa in BS13(SCT) at normal dates were the only significant 
genetic parameters for DE. The estimate of Apa was significant for PTIL 
in BSSS2(SCT) at normal dates (0.26%/cycle). 
Apa in BSSS2(SCT) and 2R in both populations were significant for 
EHT at normal dates. Drift due to restricted population size was -1.62 
cm for PHT in BSSS2(SCT) at nozrmal dates. Heterosis in the CO popula­
tion cross was significant for EHT at early dates and for PHT at normal 
dates. None of the other parameter estimates were significant for EHT 
or PHT at early dates. 
Significant estimates of correlated change free from effects of 
drift were observed in both populations for MST, CTSK, and DTSD at both 
planting dates (Tables 47 and 49). Correlated change was significant 
only for PS in BSSS2CSCT) at early dates C6.9%/cycle). Estimates of 
2Apa for GH, GHM, and GPL were 3.1, 3.6, and 2.7%/cycle, respectively, 
over both populations at normal dates, but only GH in BS13CSCT) (4.1%/ 
cycle) and GHM (3.4%/cycle) were significant at early dates in both 
populations. Correlated change was significant for ESC in both popula­
tions at early dates and in BS13(SCT) at normal dates. Least squares 
estimates of 2Apa for FSC were significant in BS13(SCT) at early dates 
Table 49. Correlated response for agronomic traits over all locations 
within the normal planting dates 
MST GH GHM GPL 
(%) (Mg/ha X 10) (Mg/ha X 10) (lb/plant) 
AG (BS13) -0.16^ 2.62 2.48 0.0094 
-0.67^ 3.91 4.14 3.55 
AG (BSSS2) -0.42 1.56 1.78 0.0048 
-1.85 2.38 2.99 1.83 
in actual units/cycle. 
^AG in %/cycle (% of CO mean). 
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FSC ESC NRL NSL DE EHT 
(plants/ha) (plants/plot) (%) (%) (ears/plot) (cm) 
NS 0.32 1.94 NS -0.066 NS 
NS 0.53 2.53 NS -6.11 NS 
204.2 NS -1.16 NS NS 1.28 
0.4 NS -1.46 NS NS 1.20 
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Table 49. (Continued) 
DISK DTSD PS PTIL SV PHT 
(days) (days) (days) (%) (1 to 9) (cm) 
AG (JBS13) -0.52 -0.60 NS NS NS NS 
-0.62 -0.73 NS NS NS NS 
AG (J5SSS2) -0.68 -0.78 NS 0.52 NS NS 
-0.81 -0.98 NS 8.03 NS NS 
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(2.5%/cycle) and in BSSS2(SCT) at normal dates (0.4%/cycle). Significant 
gain in SV was realized in both populations only at early dates. Esti­
mates of 2Apa for NRL were 3.55% for BS13(SCT) and -2.12% for BSSS2(SCT) 
averaged over both dates. Least squares estimates were not significant 
for NSL except for BS13(SCT) at early dates. Estimates for DE were 
significant only for BS13(SCT) at normal dates. Correlated change 
adjusted for drift was significant only for PTIL in BSSS2(SCT) at 
normal dates. Estimates of 2Apa were not significant for PHT or EHT 
except for EHT in BSSS2(SCT) at normal dates. 
The data for agronomic traits for 34 entries in 1981 are presented 
in Tables 50 and 51. Pooled S^-lines from BS13CSCT)C5 had significantly 
lower MST, DISK, and NSL, and higher ESC than lines from the 
corresponding CO. For example, S^-lines from the BS13(SCT)C0 had an 
ESC of 57.1% whereas the lines from the C5 had 60.8%. S^-lines from 
the C5 of BSSS2(SCT) had lower MST (23.2% versus 21.2%) and higher DE 
(0.53 versus 0.0) than from the corresponding CO. S^-lines from 
BS13(SCT)C5 X BSSS2(.SCT)C5 had lower MST, DTSK, DTSD, PS, and PTIL 
than bulked lines from the CO x CO population cross. 
There were some significant differences in agronomic trait 
performance of seed produced in 1979 versus 1980. BS13(SCT)C0 seed 
produced in 1980 had significantly lower MST and higher DE, PS, and SV 
than seed produced in 1979. The 1980 version of BSSS2(SCT)C0 had 7.36 
Mg/ha (x 10) higher GH, 7.0 Mg/ha (x 10) higher GHM, 0.03 lb/plant 
higher GPL and 1.2 days longer PS than the 1979 version. 
Table 50. Mean squares for analyses of variance over 1981 locations 




Locations (L)' 452.15** 10228.81** 11242.90** 
Entries (T) 33 38.04** 6483.23** 5734.24** 
L X T 132 2.86 105.02 93.46 
Error 528 2.92 106.77 90.96 
Degrees of freedom for locations: MST, GH, GHM, GPL, FSC, NRL, 
NSL, and DE = 4; ESC = 3; EHT and DTSK = 2; SV = 1. 
^Degrees of freedom for L x T: MST, GH, GHM, GPL, FSC, NRL, NSL, 
and DE = 132; ESC = 99; EHT and DTSK = 66; SV = 33. 
Degrees of freedom for error: MST, GH, GHM, GPL, FSC, NBL, NSL, 
and DE = 528; ESC = 396; EHT and DTSK = 264; SV = 132. 
182 
Mean squares 
GPL FSC ESC NKL NSL 
0.16781** 167469630.** 2032.53** 26930.55** 14726.16** 
0.09201** 29924898.** 92.08** 266.74** 286.53** 
0.00190 10672794. 20.16 173.43** 95.25** 
0.00192 11106712. 18.75 60.57 54,02 
Table 50. (Continued) 
Mean squares 
df DE EHT DISK 
Locations (L) 4 2.440** 1178.88** 26493.71** 
Entries (T) 33 1.167** 412.49** 23.33** 
L X T 132 0.651 80.39 1.85** 
Error 528 0.705 88.05 1.09 
^DTSD, PS, and PTIL were estimated in only one environment, thus 
the error term is reps x entry. 
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Mean squares 
DTSD^ PS^ PTIL*^ SV PHT 
— —  3.5735 
7.30** 1.592** 118.49** 10.5373** 311.51** 
1.8564 
1.06 0.710 34.24 1.4063 150.71 
Table 51. Means for agronomic traits over 1981 locations for 34 entries^ 
MST GH GHM GPL 
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BSSS2(SCT)C0 23.02 79.33 72.48 0.3227 
CI 22.30 80.81 74.40 0.3215 
C2 21.28 75.78 70.62 0.2978 
C3 20.97 80.08 75.00 0.3149 
C4 21.34 79.44 74.02 0.3100 
C5 20.82 79.34 74.38 0.3190 
BS13(SCT)C0 X BS13(SCT)C5 23.47 93.47 84.86 0.3694 
BSSS2(SCT)C0 X BSSS2(SCT)C5 21.63 92.23 85.70 0.3630 
BS13(SCT)C0 X BSSS2(SCT)C0 23.10 88.89 81.00 0.3535 
BS13(SCT)C5 X BSSS2(SCT)C5 21.65 94.65 87.91 0.3664 
BS13(SCT)C0 X BSSS2(SCT)C5 21.97 93.01 85.91 0.3645 
BSSS2(SCT)C0 X BS13(SCT)C5 23.22 97.20 88.47 0.3835 
Mol7 X A634 17.69 94.95 92.57 0.3940 
B73 X Mol7 21.01 130.18 121.67 0.5017 
^Number of replications used for each mean: MST, GH, GHM, GPL, FSC, NRL, NSL, DE = 21; ESC 





BS13(SCT)C0 (80) 23.28 
BS13(SCT)C5 (80) 23.08 
BSSS2(SCT)C0 (80) 22.64 
BSSS2CSCT)C5 (80) 20.50 
BS13(SCT)C0 X BS13CSCT)C5 23.70 
BSSS2(SCT)C0 X BSSS2(SCT)C5 22.56 
BS13(SCT)C0 X BSSS2(SCT)C0 23.30 
BS13(SCT)C5 X BSSS2(SCT)C5 21.56 
BS13(SCT)C0 X BSSS2(SCT)C5 22.37 
BSSS2(SCT)C0 X BS13(SCT)C5 23.33 
Overall mean 22.42 
LSD (0.05) 1.03 
56.63 50.99 0.2331 
54.00 48.87 0.2132 
47.93 43.74 0.1973 
48.52 45.07 0.1983 
86.33 78.38 0.3572 
82.67 75.18 0.3345 
86.69 79.48 0.3514 
78.32 73.76 0.3169 
63.50 57.50 0.2615 
53.33 48.98 0.2214 
54.78 49.79 0.2260 
55.08 51.19 0.2274 
60.13 55.30 0.2473 
60.07 54.70 0.2460 
77.92 71.68 0.3122 
6.23 5.78 0.0264 















BS13(SCT)C0 X BS13(SCT)C5 56025.8 
BSSS2(SCT)C0 X BSSS2(SCT)C5 56206.3 
BS13(SCT)C0 X BSSS2(SCT)C0 55608.9 
BS13(SCT)C5 X BSSS2(SCT)C5 57289.0 
BS13(5CT)C0 X BSSS2(SCT)C5 56327.0 
BSSS2(5CT)C0 x BS13(SCT)C5 56059.4 
Mol7 X A634 53117.8 
B73 X Mol7 57461,0 
ESC NRL NSL DE 
(plants/plot) (%) (%) (ears/plot) 
60.69 85.35 87.85 0.101 
62.88 78.50 87.23 0.205 
64.50 89.47 73.03 0.397 
64.88 88.66 84.74 0.088 
63.38 87.04 84.08 0.079 
63.69 88.90 83.89 0.000 
60.63 86.43 84.88 0.215 
61.81 87.06 83.40 0.395 
62.81 83.36 83.59 0.000 
62.94 82.98 82.72 0.192 
61.56 82.74 86.87 0.281 
64.38 80.81 86.06 0.302 
62.81 84.92 85.88 0.263 
62.44 84.92 89.16 0.097 
63.94 83.78 87.57 0.000 
65.31 86.42 87.63 0.203 
64.69 80.55 84.90 0.467 
65.19 86.99 85.49 0.099 
55.50 88.98 94.77 0.203 





BS13(.SCT)C0 (80) 53740.3 
BS13(SCT)C5 (80) 54755.2 
BSSS2(SCT)C0 (80) 54846.9 
BSSS2(SCT)C5 (80) 54976.7 
BS13(SCT)C0 X BS13(SCT)C5 53711.8 
BSSS2(SCT)C0 X BSSS2(SCT)C5 53585.9 
BS13(SCT)C0 X BSSS2(SCT)C0 53509.0 
BS13(SCT)C5 X BSSS2CSCT)C5 53525.0 
BS13(SCT)C0 X BSSS2(SCT)C5 53947.0 
BSSS3(5CT)C0 x BS13(.SCT)C5 54034.7 
Overall mean 55093.2 

































































Table 51. (Continued) 
EHT DISK 
(cm) (days) 
BS13(SCT)C0 129.51 78.18 
Cl 128.69 76.36 
C2 134.93 75.27 
C3 136.48 75.73 
C4 126.25 75.09 
C5 124.85 76.00 
BSSS2(SCT)C0 131.81 77.09 
Cl 124.44 76.09 
C2 118.86 75.18 
C3 127.10 74.18 
C4 133.16 74.91 
C5 130.12 74.27 
BS13(5CT)C0 X BS13(SCT)C5 130.04 75.55 
BSSS2(SCT)C0 X BSSS2(SCT)C5 140.12 75.00 
BS13(.SCT)CÛ X BSSS2(SCT)C0 133.00 76.82 
BS13(SCT)C5 X BSSS2(SCT)C5 137.22 74.09 
BS13(SOT)CO X BSSS2(SCT)C5 136.93 75.45 
BSSS2(SCT)C0 X BS13(,SCT)C5 133.32 75.64 
Mol7 X A634 115.71 72.45 
B73 X Mol7 135.53 74.27 
DTSD PS PTIL SV PHT 
(days) (days) (%) (1 to 9) (cm) 
70.80 -2.8 6.849 3.0 242.36 
69.60 -1.6 7.998 4.5 244.00 
69.20 -1.6 3.308 6.5 250.40 
68.80 -2.4 7.556 5.7 255.92 
68.40 -1.6 8.225 5.5 250.40 
68.40 -2.0 2.476 4.8 241.92 
69.60 -2.4 12.386 4.8 252.44 
69.20 -2.0 9.992 4.3 244.32 
69.20 -1.6 19.893 4.5 247.12 
67.80 -1.8 20.179 5.0 231.20 
67.80 —1.8 24.168 5.3 253.56 
66.80 -2.4 9.183 5.8 234.44 
69.20 -1.6 7.101 6.3 251.40 
68.00 -2.0 11.227 6.0 252.60 
69.20 -2.8 9.706 4.5 246.28 
68.80 -1.2 8.351 6.7 256.24 
68.40 -2.0 12.475 6.0 247.08 
69.20 -2.0 11.762 7.7 256.08 
65.60 -2.4 6.977 5.7 243.16 
68.80 -0.8 3.320 6.8 254.44 
BS13(SCT)C0 120.65 78.09 
BS13(SCT)C5 120.12 76.82 
BSSS2(SCT)C0 130.96 78.73 
BSSS2(SCT)C5 121.33 76.00 
BS13(.SCT)C0 (80) 132.53 77.36 
BS13(SCT)C5 (80) 129.66 75.55 
BSSS2(SCT)C0 (80) 133.01 77.36 
BSSS2(SCT)C5 (80) 131.23 73.64 
BS13(SCT)C0 X BS13(SCT)C5 123.01 77.45 
BSSS2(SCT)C0 X BSSS2(SCT)C5 122.25 77.36 
BS13(SCT)C0 X BSSS2(5CT)C0 123.70 78.45 
BS13CSCT)C5 X BSSS2(SCT)C5 123.57 76.00 
BS13(SCT)C0 X BSSS2(SCT)C5 126.53 76.73 
BSSS2(SCT)C0 X BS13(SCT)C5 120.11 76.55 
Overall mean 128.43 75.99 
LSD CO.05) 7.77 1.14 
71.20 -2.0 7.507 3.0 235.08 
70.00 -1.6 7.130 4.2 231.12 
71.20 -2.8 8.742 3.0 249.36 
69.20 -1.6 14.673 3.8 236.32 
70.80 -2.0 11.005 5.0 247.92 
69.20 -1.2 4.164 6.5 240.08 
69.20 -3.6 13.257 4.8 251.16 
67.40 -2.2 12.546 6.7 240.28 
70.00 -2.4 6.901 3.8 233.68 
70.40 -1.6 13.386 2.8 236.64 
70.80 -2.4 14.058 2.8 239.86 
69.20 -1.2 5.071 3.7 238.12 
69.20 -2.4 13.232 3.3 242.92 
69.20 -1.6 6.683 3.8 229.52 
69.11 -2.0 10.04 4.9 244.34 
1.28 1.0 7.25 1.4 15.22 
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The BS13(SCT) and BSSS2(SCT) populations and population crosses 
had significantly higher GH, GHM, and GPL than the respective pooled 
random S^-lines (Table 51) indicating directional dominance is 
important. Inbreeding depression for GH was 29 Mg/plot (x 10) averaged 
over populations and cycles. Inbreeding depression was also important 
in BSSS2(SCT) for DTSK, DTSD, and SV. 
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DISCUSSION 
Results from this study corroborated the contentions of several 
authors that S^-line recurrent selection can effectively increase 
allelic frequency in the absence of overdominance in maize populations 
(Comstock, 1964; Choo and Kannenberg, 1979a). selection for cold 
tolerance in BS13(SCT) and BSSS2(SCT) resulted in significant genetic 
gains (2Apoi) free from effects of drift due to restricted population 
size. Estimates of genetic gain for DWP, SDW, PEFF, PE, and SV were 
2.04 g, 0.038 g, 1.96%, 2.07%, and 0.27/cycle, respectively, when 
averaged over populations and environments CTable 22). Improvements in 
the means of the populations per se also were observed for these traits 
(Table 20). However, observed performances of the populations for DWP 
(8.04 g over cycles and populations), SDW (0.153 g), PEFF (8.06%) and 
SV (0.65) were different from actual genetic gains because estimates of 
drift were significant for these traits (Table 21). The effect of drift 
due to restricted population size caused the difference between genetic 
gain estimates and observed means and can be seen graphically in 
Figures 1 through 10. Estimates of drift were larger in BSSS2(SCT) than 
in BS13(SCT), due to smaller effective population sizes (Table 1), for 
DWP (-0.72 g versus -0.15 g), SDW (-0.011 g versus -0.006 g), PEFF 
(-0.67% versus -0.38%) and SV (-0.16 versus -0.11). Consequently, 
observed means for DWP, SDW, PEFF, and SV fell below the genetic gain 
line more often for BSSS2(SCT) than they did for BS13(SCT) (Figures 1 
through 6, 9 and 10). Drift was not significant for PE, however, so the 
observed performances of cycles per se were more similar to the least 
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squares estimates of gain in both populations (Figures 7 and 8). Larger 
effective population sizes than used in this study would be required in 
future programs in order to obtain long-term gains from selection. Choo 
and Kannenberg (1979b) demonstrated in computer simulation studies that 
even recombining 20 lines resulted in significant losses of desirable 
alleles. 
The significant gain (2Apa) for DWP, SDW, PE, PEFF, and SV was 
applicable also to pooled S^-lines from the C5 cycles. Observed S^-line 
performance of improved cycles differed from actual genetic gains, 
however, just as observed performances of the populations per se 
differed, because drift was significant. Bulked S^^-lines from 
BS13(SCT)C5 exhibited only superior PE and PEFF over lines from the CO 
(Table 27) . Differences between the CO and C5 S^-line bulks were not 
significant for other traits. These data were obtained only from 1981 
evaluations, and genotype x year interactions were shown to be less 
important for PE and PEFF than for the other traits (Table 23). 
Greater gain was observed for SY than for the cold tolerance traits 
subjected to direct selection. Actual genetic gains averaged over 
populations and expressed as % per cycle were 7.07, 5.95, 4.677, 3.195, 
2.585, and 0.0 for SV, DWP, SDW, PE, PEFF, and EE, respectively (Table 
22). SV is an aggregate trait encompassing PE, DWP, and SDW, so it is 
appropriate for SV to reflect gains in these other traits. 
No genetic gain was realized in either population for RE (Table 22). 
Differences among entries for RE were varied, depending on environment, 
because entries x environments interactions usually were larger than the 
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entries mean squares (Table 19). Genotypic values of RE for each entry 
probably were strongly biased by G x E during the selection phase 
because selection was performed in only one environment. 
The Smith-Hazel selection index using equal economic weights for 
SDW, RE, and PE was used through the C2 and C3 selection cycles in 
BS13(SCT) and BSSS2(SCT), respectively. The Smith-Hazel index maximizes 
gain in the trait with the largest genotypic variance (Crosbie et al., 
1980) . Mock and Eberhart (1972) reported that 85 to 90% of predicted 
selection advance in BS13 and BSSS2 was due to gain for PE due to its 
large genotypic variance. Consequently, the desired gain index (Pesek 
and Baker, 1969) was substituted for the Smith-Hazel index for the 
remainder of the selection program (Mock and Bakri, 1976). Relatively 
less gain was predicted for PE using the desired gain index than using 
the Smith-Hazel index (Crosbie et al., 1980). For example, predicted 
gain for PE in BS13(SCT) and BSSS2(.SCT) was 15.7% and 15.2%/cycle, 
respectively, using the Smith-Hazel index compared with 4.8% and 3.3%/ 
cycle using the mean of four desired gain indexes (Crosbie et al., 
1980). Gain in PE in BS13(SCT), measured as changes in means, was 
greater from the CO to C2 (3.16%/cycle) than from the C2 to C5 (1.91%/ 
cycle) (.Table 20). This evidence supports the contention of several 
authors that use of the Smith-Hazel index would result in more gain in 
PE than would the desired gain index, although the difference was not 
as large as predicted by Crosbie et al. (1980). Changes in PE means, 
however, were greater in BSSS2(SCT) using the desired gain index. 
Comparisons of realized gain produced by the two indexes were not 
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available for SDW and RE because the means were biased by drift 
(Table 21). 
Genetic gains, unbiased by genetic drift, for RE, PE, and SDW in 
BS13(SCT) and BSSS2(SCT) generally were less than gains predicted using 
the Smith-Hazel index or the mean of four desired gain indexes (Mock 
and Eberhart, 1972; Crosbie et al., 1980). Crosbie et al. (1980) 
predicted 15.72% per cycle gain in BS13(SCT) for PE when the Smith-Hazel 
index was used and 4.75% per cycle using the mean of four desired gain 
indexes- Actual genetic gain [2.52% per cycle for PE in BS13(SCT)] was 
relatively similar to predicted gain using the desired gain index 
(Table 22). Crosbie et al. (1980) also reported predicted gains for 
SDW in BS13(SCT) were 0.0385 g/cycle when the Smith-Hazel selection 
index was used and 0.0276 g/cycle using the mean of four desired gain 
indexes. Actual genetic gain for SDW in BS13(SCT) was 0.034 g/cycle. 
Predicted gains for RE were -1.285 days/cycle (averaged over populations) 
using the Smith-Hazel index and -1.024 days/cycle using the mean of four 
desired gain indexes (Crosbie et al., 1980). Realized genetic gain was 
nonsignificant for RE. Two factors probably account for the discrep-
encies between least squares estimates of realized gain and predicted 
gain. Variance components used in the prediction equations were 
probably biased upwards from genotype x environment interactions. Also, 
the estimates of 2ûpa in this study were obtained based on information 
from all entries including populations per se and bulked S^-lines. 
Predicted gain estimates (tlock and Eberhart, 1972; Crosbie et al., 1980) 
were based on S^-lines and are applicable only for improvement in S^-
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lines and not the populations per se unless dominance effects are 
negligible (Sprague and Eberhart, 1977). Information in this study shows 
dominance is important for the cold tolerance traits. 
BS13(SCT) had greater genotypic variance than did BSSS2(SCT) for 
SDW, RE, and PE (Crosbie et al., 1980). Genotypic and phenotypic 
correlations between these traits also were higher in the original 
BS13CSCT) population (Mock and Eberhart, 1972). Thus, greater gains 
were predicted in BS13(SCT) than BSSS2(SCT) (Mock and Eberhart, 1972), 
As expected BS13(SCT) had greater actual genetic gain measured over all 
environments than did BSSS2(SCT) for PE and SV (Table 22). Genetic 
gain estimates were 3.99% and 2.40%/cycle for BS13(SCT) and BSSS2(SCT), 
respectively, for PE, and 7.43% and 6.67% for SV. Gains were 
approximately equal in both populations, however, for DWP, SDW, and PEFF. 
Relatively less genetic gain was realized for PE in BS13CSCT) and 
greater gain was realized in BSSS2(,SCT) than in the study by Mock and 
Bakri (1976). Mock and Bakri (1976) reported realized gains for PE 
were 8.4%/cycle in BS13(SCT) and 1.7%/cycle in BSSS2(SCT) whereas the 
corresponding estimates were 2.5 and 1.6% in this study. My data 
showed greater gain in BSSS2(SCT) for SDW than did Mock and Bakri (1976) 
but opposite results were observed for SDW in BS13CSCT). Two factors 
probably account for the discrepancies in realized gain in these two 
studies. More reliable estimates of realized gain are obtained after 
more cycles of selection. Mock and Bakri (1976) evaluated BS13(SCT) and 
BSSS2(.SCT) after only two and three cycles of selection, respectively. 
Figures 3, 4, 7, and 8 demonstrate the fluctuations for SDW and PE across 
197 
cycles in these populations. Additionally, gain estimates obtained by 
Mock and Bakri (1976) were biased by drift due to restricted population 
size, which was significant for SDW. 
Estimates of in this study demonstrated that alleles with some 
directional dominance control DWP, SDW, PE, PEFF, and SV (Table 21). 
The original populations of BS13(SCT) and BSSS2(SCT) differed in allelic 
frequencies for SDW, DWP, PE, and PEFF because estimates of heterosis 
were significant. Heterosis estimates were 4.31 grams, 0.096 grams, 
3.01%. and 3.07% for DWP, SDW, PEFF, and PE, respectively. Recurrent 
selection for cold tolerance was effective in increasing frequencies of 
alleles with dominance effects controlling SDW, PEFF, and PE. 
The largest increase in allelic frequency occurred in the popula­
tion with lower initial frequency. This fact is based on the decrease 
in heterosis with selection and the nonsignificant D^ term for SDW, 
PEFF, and PE. According to Smith (1979), D^ (Ap[l-2p]d) approaches 
zero and Dq (p[l-p]d) is at a maximum as allelic frequencies approach 
0.5, regardless of level of dominance. Nonsignificant D^ terms, there­
fore, do not indicate that dominance is unimportant for these traits, 
but rather suggests that allelic frequencies initially were near 0.5. 
Selection increased frequencies of alleles with dominance effects 
controlling DWP equally in both populations. BS13(SCT)C0 
and BSSS2(SCT)C0 must have had similar allelic frequencies for SV 
because heterosis in the original population cross was not significant 
for SV although inbreeding depression (Dq) was. Either alleles with 
some directional dominance do not control RE or the G x E effect on RE 
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was so large that dominance effects were not detected because neither 
heterosis nor Dq was significant for RE. 
Recurrent selection for cold tolerance increased population means 
and allelic frequencies for most cold tolerance traits. Changes in 
specific physiological mechanisms associated with altered field cold 
tolerance, however, were not studied. It is possible that changes have 
occurred in several of the possible mechanisms of cold tolerance 
including increased endosperm conversion efficiency, increased photo-
synthetic capability, disease resistance or imbibitional chilling 
resistance. Loeffler C1983) reported that BS13(.SCT) exhibited improved 
imbibitional chilling resistance after five cycles of selection for 
cold tolerance. 
Genotype x environment interactions were significant for all cold 
tolerance traits when data were combined over all environments (Table 
19). Partitioning G x E into entries x years, entries x locations, and 
entries x years x locations provided information on the effects of 
specific environmental factors on cold tolerance traits. Warmer, early 
season conditions prevailed at most locations in 1980. Mean heat units 
accumulated at 30 and 45 days after planting were 311.0 and 577.3, 
respectively in 1980, and 279.8 and 496.2 in 1981. Means for DWP and 
PE were 63.9 g/plot and 69.7%, respectively, in 1980 and 15.8 g/plot 
and 72.6% in 1981. A significant G x Y thus implies differential 
response among entries for differences in temperature. A significant 
G X L indicates differential response to specific location effects such 
as average rainfall. The G x Y x L implies differential response to 
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environmental conditions such as soil moisture, planting depth, soil 
crusting and date of planting which are specific to a year-location 
combination. This interaction may be due to differential response to 
temperature differences but these effects cannot be separated from 
random environmental conditions. The random environmental conditions 
specific to a year-location combination appeared to influence relative 
entry performance for PE, PEFF, and SV more than the primary effect of 
temperature or location effects. For example, the entry x year inter­
action was not significant for PEFF but the entry x year x location 
mean square was highly significant. The effect of the random environ­
mental differences was generally to cause magnitudinal differences 
among entries in the Moll stability analyses for PEFF, PE, and SV 
(Tables 36 and 37). For example, PE was 45.6% for BS13(SCT)C0 and 
72.0% for its C5 counterpart at Washington, lA, 1980 compared to 81.2% 
and 83.6%, respectively, at Olivia, MN, 1980. Random environmental 
differences also caused some ranking changes for SV. 
Entry differences, for RE were greatly altered by year-location 
effects and particularly year effects. These interactions often were 
as large or larger than the entries main effects (Table 23). For 
example, the entry, entry x year, entry x location, and entry x year x 
locations interactions were 7.66, 30.63**, 8.11, and 7.26**, respec­
tively, for RE. Fakorede and Ojc C1981) also reported that emergence 
rate was influenced more by environment than genotype. 
SDW and DWP were strongly influenced by temperature as evidenced 
by the significant G x Y. Similar results were reported by Mock 
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and Bakri (1976) and Mock (1979). The effect of temperature was to 
cause magnitudinal differences among entries as indicated by the 
significant differences in responsiveness among entries in the Moll 
stability analyses (Tables 36 and 37). Greater differences among 
entries existed under the warmer conditions such as in 1980. Differences 
between BS13(SCT)C0 and C5 for DWP were 2.36 g in 1981 and 14.95 g in 
1980. Significant differences between observed means and larger gain 
from selection were found in 1980 for SDW and DWP. Genetic gain 
estimates in SDW were 0.68% per cycle in 1981 and 5.98% per cycle in 
1980. Genotypic variance was also larger in 1980 although more entries 
were included in 1981 (Tables 24 and 25) . Genotypic variance for DWP 
was 3.30 in 1981 and 55.96 in 1980. 
These results indicate that processes occurring during the 
heterotrophic growth stage (Whalley et al., 1966) are less influenced 
by temperature than processes occurring during the autotrophic growth 
stage. This phenomenon could be due to several factors. The bio­
chemical degradation processes leading to PE and PEFF could be 
influenced more by specific environmental conditions, such as moisture 
availability, than by temperature. Or other factors involved with the 
cold tolerance emergence mechanisms such as seed or seedling disease 
resistance could be influenced more by other environmental factors than 
by temperature. Rate of emergence could be considered occurring during 
the heterotrophic stage and appears to be strongly influenced by 
environmental conditions. This study, however, could not determine 
whether temperature or other specific environmental effects were more 
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important for RE. Biochemical synthesis processes during the auto­
trophic growth stage leading to SDW and DWP are strongly influenced by 
temperature. This implies that biochemical processes involved, for 
example, in photosynthesis or root growth, are highly temperature 
dependent. 
Allard and Bradshaw (1964) noted that, when environmental variation 
is predictable, varieties should be bred with specific adaptation. 
Varieties with buffering capacity for environmental variation should 
be bred for unpredictable environmental variations. Early cold tempera­
tures are an often predictable stress under early planting or conserva­
tion tillage systems. However, early planting is not always associated 
with cool temperatures as evidenced by the generally warm 1980 
environments in this study. Thus, it is important to breed for superior 
stand establishment and seedling performance for both cool and normal 
environments. An important thrust of this study, therefore, was to 
determine if selected cycles of BS13(SCT) and BSSS2(SCT) were superior 
only in cool environments, or in both cool and normal environments. 
Two lines of evidence indicate that selected cycles of both populations 
are generally superior at all environments- The theory of Rosielle and 
Hamblin (.1981) predicts that selected cycles of BS13(SCT) and BSSS2(,SCT) 
should have better performance in both cool and normal environments for 
all traits. Their theory predicts that selection for mean performance 
in stress and nonstress environments should increase performance in 
both environments. When genotypic variance is greater in stress 
environments and the genetic correlation between performance in stress 
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and nonstress is highly negative, performance in nonstress environments 
will decrease. Conversely, selection for mean performance will 
decrease performance in stress if variance is less in stress and the 
correlation is highly negative (Rosielle and Hamblin, 1981). Selection 
for cold tolerance in this study was essentially selection for mean 
performance in both stress and nonstress environments because selection 
was performed in only one location and both cold stress and nonstress 
environments were encountered over cycles. For example, the experi­
mental mean PE was 31.5% in 1972 and 80.4% in 1970 when the S^^-lines 
from BSSS2(,SCT)C3 and CI, respectively, were selected. Genotypic 
variance appears to be less under cool conditions for DWP and SDW. For 
example, genotypic variance for SDW was 0.0009 in the cooler year 1981 
and was 0.0198 in 1980. Correlations between performance under cool 
and normal environments, however, are generally either nonsignificant 
or positive (Fakorede and Ayoola, 1980; Lee and Estes, 1982). Thus, 
selection for cold tolerance as in this study would be expected to have 
increased performance in both cool and normal environments for all 
traits. 
The Moll stability analyses also indicated that selection was 
effective in producing genotypes generally superior in both cool and 
normal environments. The G x E interactions in this study were due to 
magnitudinal differences among entries (responsiveness) rather than 
ranking differences across environments (correlations) for SDW, DWP, 
PE, and PEFF indicating that the same genotypes were generally superior 
in all environments. For example, the overall mean PE at Ames, lA, 1980, 
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(no till) was 37.6% and at Madison, WI, 1981, it was 91.8%. The 
C5 X C5 population cross had superior PE over all other entries in both 
environments and was higher than the CO x CO cross by 38.4% at Ames and 
5.2% at Madison. 
Moll et al. (1978) demonstrated that recurrent selection may alter 
genotype x environment interactions. The Moll stability analyses 
indicated that recurrent selection for cold tolerance resulted in 
populations which were more responsive for DWP and SDW to environmental 
variation (Table 37). Selection gain was greatest in warmer environments 
and smaller in cooler environments. BS13(SCT)C5 and BSSS2CSCT)C5 have 
increased their ability to respond to favorable growing conditions over 
the original populations for DWP and SDW. For example, regression 
coefficients calculated as S^/S^ (in terms of responsiveness) for DWP 
increased from 0.766 to 0.973 in BS13(SCT). The C5 x C5 population 
cross had a more responsive regression coefficient (1.217) than the 
CO X CO cross (0.986) for SDW. Mock and Bakri (1976) reported relatively 
less progress from selection in BSSS2CSCT) than in BS13(SCT) for seedling 
growth traits and attributed this to reduced temperature sensitivity in 
BS13CSCT) through selection. The Moll analyses, however, indicated 
that selection caused increased ability to respond to favorable environ­
ments in both populations rather than ability to maintain growth under 
unfavorable environments. Regression coefficients from the Eberhart-
Russell stability analyses increased over cycles for DWP Cfrom 0.780 
to 0.972 in BS13(SCT) and SDW (from 0.770 to 0.985 in BS13(SCT) (Table 
30). Means also were increased over cycles (Table 20). Thus, selected 
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cycles had greater stability and mean performance for DWP and SDW using 
the stability definitions of Eberhart and Russell (1966). 
In contrast, selection resulted in populations that showed less 
response to environmental variation for PE and PEFF (Table 37) • 
Selection gain was greatest in the less favorable environments. 
Improved cycles were affected less by unfavorable growing conditions. 
For example, regression coefficients calculated as S^/S^ decreased 
from 1.229 to 0.671 for PEFF and from 1.053 to 0.651 for PE in 
BSSS2(SCT). The C5 x C5 population cross had a less responsive regres­
sion coefficient (0.673) than the CO x CO cross (1.171) for SDW. 
Regression coefficients from the Eberhart-Russell analyses decreased 
across selection cycles. Means for PE and PEFF also increased across 
cycles (Table 20). So selected cycles had greater stability (resistance 
to environmental change) and greater adaptation to low performance 
environments for PE and PEFF using the definitions of Finlay and 
Wilkinson (1963) and Bilbro and Ray (1976). Recurrent selection for 
SDW, PE., and RE did not alter the genotype x environment interaction 
for SV despite changes in means and allelic frequencies in this trait 
due to selection. 
Determining the importance of specific G x E effects on these 
traits provided information on what traits would be useful in other 
selection programs for cold tolerance. McConnell and Gardner (1979b) 
and Hardacre and Eagles (1980) concluded that selection should include 
criteria for both the ability to emerge and grow at suboptimal tempera­
tures. Separate mechanisms for emergence and growth are also indicated 
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in this research by the low PE and relatively high SV and SDW for 
Mol7 X A634 (Table 20). Thus, selection criteria in maize breeding 
programs should include PE and some measure of vigorous early growth. 
RE, however, is too strongly influenced by environmental factors to be a 
consistent selection trait. Differences among entries for SDW and DWP 
are influenced by temperature differences, especially between years. 
Thus, data should be obtained in more than one year to accurately 
estimate genotypic differences in SDW and DWP although this would 
increase the length of the selection cycle. Crosbie et al. (1980) 
suggested using DWP as a cold tolerance selection criteria because it 
would select for high PE and SDW. Differences among entries for SV are 
influenced by random environmental conditions specific to a year-
location combination. The genotype x environment (linear) component of 
the Eberhart-Russell analysis for SV was not significant indicating that 
entries did not show a differential response to environment (Table 29). 
The pooled deviations mean square accounted for a large portion of the 
G X E interaction indicating unexplained deviations from a linear 
response to environments were important for these entries. Thus, SV 
would only be a good selection criteria for vigorous early growth if 
data were obtained over several environments such as several locations 
within one year. Future recurrent selection programs for cold tolerance 
should utilize a selection index involving PE and either SDW (or DWP) 
based on data from more than one year, or SV based on data from more 
than one environment. Crosbie et al. (1980) recommended using the rank 
summation index (Mulamba and Mock, 1978), the Elston weight-free index 
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(Elston, 1963), or a base index where the index weights were reciprocals 
of the phenotypic standard deviation to improve maize populations for 
cold tolerance. 
Although no genetic gain was realized for EE in this study, and 
the use of this trait as it is calculated is not recommended in future 
selection programs, the importance of rapid rate of emergence to early 
seedling vigor is unquestionable. One problem with the calculation of 
emergence rate used in this study is that PE is confounded with rapid 
emergence rate. Other methods of calculating emergence rate have been 
proposed, including the technique proposed by Maguire (1962) which is 
unbiased by PE, and these may be consistent measures of emergence rate. 
Frey (1964) noted that there were two theories regarding type of 
selection environment. Some breeders maintain that genetic gains are 
greater when selection is performed in optimum environments. Differ­
ential genetic gain from selection in optimum versus stress environments 
is a function of genotypic variance, experimental precision, and 
heritability necessary to differentiate between genotypes. The other 
theory is that selection in stress environments will identify cultivars 
with the most appropriate genetic adaptations. Several lines of 
evidence indicate that greatest genotypic variance for DWP and SDW exists 
in environments with high mean performance. Genotypic variance was 
higher for DwP and SDW in the generally warmer 1980 than 1981 even 
though more entries were included in 1981 (Tables 24 and 25). Regression 
coefficients from the Moll stability analyses were positively correlated 
with the mean for DWP and SDW (Table 36). For example, the correlation 
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coefficient between the overall mean and the regression coefficient 
was 0.869** for SDW. Rosielle and Hamblin (1981) explained that the 
stability analyses regression coefficients will be positively correlated 
with the mean if variance is less in stress environments. The Moll 
stability analyses also demonstrated that greatest gain across cycles 
for DWP and SDW was exhibited in environments with high means, indicating 
greater differences among entries in those environments (Table 37). PE 
and PEFF appear to have greatest genotypic variance in low mean perfor­
mance environments. Regression coefficients from the Moll stability 
analyses were negatively correlated with the mean for PE and PEFF 
(Table 36). For example, the correlation coefficient between the 
overall mean and the regression coefficient was -0.763** for PE. 
Greatest gain for PE and PEFF in the Moll stability analyses was 
observed in environments with low means. 
Heritability for cold tolerance traits is not always higher when 
greater genotypic variance exists because the error variance also tends 
to increase with increasing genotypic variance. Thus, selection for 
DWP and SDW in normal environments and PE and PEFF in cool environments 
should not be advocated unless heritabilities in each type of 
environment are known. 
The three stability analyses used in this study displayed varying 
degrees of effectiveness in determining a linear relationship between 
performance and environment. The stability analyses regression proposed 
by Eberhart and Russell (1966) and Moll et al. (1978) accounted for 
similar proportions of total G x E for all traits. The Eberhart-Russell 
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and Moll analyses accounted for reasonable proportions of total G x E 
for all traits, except SV (i.e., 2.3% and 0.0%, respectively). Devia­
tion mean squares often were significant for SV (Tables 29 and 34) 
indicating little linear relationship between genotypic performance and 
an entry mean measurement of level of environments for SV. The Eberhart-
Russell and Moll stability analyses had similar deviations mean squares 
and regression coefficients. Small differences would be expected 
because the elimination of one entry from the mean of 20 entries should 
have little effect on the index. 
The Freeman-Perkins stability analyses accounted for very little 
of total G X E. The statistically independent index using accumulated 
heat units was not an accurate assessment of the environmental factors 
affecting these traits. Several factors may explain the lack of linear 
relationship between heat units and early growth. The calculation of 
accumulated heat units utilized average daily air temperature which may 
not correspond to diurnal fluctuations in soil temperature particularly 
for emergence traits (Allmaras et al., 1964; Shaw, 1971). Specific 
plant stages may be more susceptible to cool temperature (Wang, 1960) 
but accumulated heat units assume a linear relationship between 
temperature and plant growth (Arnold, 1960). 
S^ recurrent selection for cold tolerance was associated with 
indirect responses in several agronomic traits over all 18 agronomic 
evaluation environments. These indirect or correlated changes were 
caused either by pleiotropy or gene linkage because effects due 
to drift (2R) were removed statistically. GH, GHM, and GPL were 
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increased 2.96%, 3.50%, and 1.82%/cycle, respectively, averaged over 
BS13(SCT) and BSSS2(SCT) (Table 41). The increased yields could be 
associated with increased stands (Mock and Erbach, 1979), but even GPL 
showed significant correlated improvement. Observed population means 
for GH, GHM, and GPL were not improved across cycles, however, because 
drift due to restricted population size was significant (Tables 39 and 
40). Estimates of drift were -2.51 Mg/ha (x 10), -2.28 Mg/ha (x 10), 
and -0.009 lb/plant for GH, GHM, and GPL averaged over both 
populations. Observed means for GPL decreased 0.0174 lb/plant 
across cycles in spite of the significant correlated changes in allelic 
frequency. Eisen et al. C1973) reported negative correlated responses 
may be observed even if the genetic correlation is positive if restricted 
population sizes are used. Mock and McNeill (1979) reported the 
phenotypic correlation between yield and SDW of 34 inbred lines was 
0.48**. Suwantaradon et al. (1975), however, reported low phenotypic 
correlation (-0.18**) between KE and yield. Thus, the correlation 
between yield and cold tolerance traits may be low enough that the 
genetic improvement through selection found in this study is over­
whelmed by drift due to the small population sizes used. 
Correlated improvements in MST, DTSD, and DTSK were 1.37%, 0.71%, 
and 0.77%/cycle, respectively, over both populations. Mock and 
Eberhart (1972) reported significant negative genotypic correlations 
between tasselling date and PE in BSSS2(SCT). Burris (1975) reported 
negative associations of seedling vigor with DTSK and DTSD. Recurrent 
selection for rate of germination under laboratory conditions was 
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associated with decreased harvest MST (McConnell and Gardner, 1979b). 
The PS interval was shortened by 0.28 days in BSSS2(SCT) but no similar 
correlated change occurred in BS13(SCT). The observed means followed a 
similar pattern even though drift was significant for DTSK and PS in 
BS13(SCT). Mock and Bakri (1976) reported that earlier flowering dates 
in these populations may have resulted from mild mass selection for 
earliness during the selection phase. 
Recurrent selection resulted in significant actual genetic gain 
(free from effects of drift) of 387.4 plants/ha/cycle, for FSC, 0.7 
plants/plot for ESC, and 0.3 rating units for SV over all environments 
and both populations. Observed means in BS13(SCT) and BSSS2(SCT) were 
increased only for ESC (4.73 plants per plot over all cycles) and FSC 
(2321.1 plants/ha), however, because drift due to restricted population 
size was significant for SV in both populations. Relatively greater 
genetic gain was realized for SV than the other agronomic traits (Table 
41). The correlated genetic gain of 5.26%/cycle averaged over popula­
tions and all agronomic evaluations for SV was relatively less than the 
7.05%/cycle observed in the cold tolerance evaluation environments 
(Table 22). This may result from the data being taken later during the 
growing season in the agronomic environments when smaller differences 
in vigor among entries exist. 
S^ recurrent selection for cold tolerance generally was not 
associated with correlated changes in DE, PTIL, EHT, and PHT. Selection 
was associated with increased and decreased resistance to root lodging 
in BS13(SCT) and BSSS2(SCT), respectively. Least squares estimates of 
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correlated change for NRL were 3.4%/cycle in BS13(SCT) and -2.6%/cycle 
in BSSS2(SCT). This differential indirect response to selection is due 
to one of two factors. The genes controlling improved cold tolerance 
traits (DWP, SDW, PE, PEFF, or SV) could be linked with genes controlling 
increased root lodging resistance in BS13CSCT) and decreased resistance 
in BSSS2(SCT). Linkage is a possibility because selected lines were 
recombined only once in each cycle. Another possibility is that the 
cold tolerance genes are pleiotropic for increased root lodging in one 
population and decreased root lodging in the other. This could occur 
if altered root structure were a mechanism of cold tolerance important 
in BS13(SCT) but not in BSSS2(.SCT) . The genetic gain model 
indicates that gain resulted from selecting for the same alleles in the 
two populations for the cold tolerance traits, and different alleles 
for NRL. 
The correlated changes in allelic frequency were mimicked by 
changes in means as root lodging decreased 9.7% over all cycles in 
BS13(.SCT) and increased 8.7% in BSSS2CSCT) concurrent with selection 
even though drift was significant (.0.77%) in BSSS2CSCT). Stalk lodging 
was increased 0.43% per cycle in BS13(SCT). The variable correlated 
changes in NEL and NSL and the lack of change in DE, PTIL, EHT, and PHT 
concurs with other research indicating variable association of cold 
tolerance and agronomic traits (Mock and Bakri, 1976; McConnell and 
Gardner, 1979b). 
Changes in observed population means markedly deviated from least 
squares estimates of correlated change for all agronomic traits. 
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especially for GH, GHM, GPL, and SV. This corroborates the idea that 
genetic drift may be the most important influence on the correlated 
response to selection, especially when genetic correlations are low 
(Clayton et al., 1957). 
The significant estimates of 2Apa for GH, GHM, GPL, MST, DTSK, DTSD, 
PS, FSC, ESC, SV, NRL, and NSL were also relevent for the pooled S^^-
lines from the C5 cycles. The significant drift estimates, however, 
also caused differences between 2Apa and changes in the observed pooled 
S^-line means. Bulked S^-lines from BS13(SCT)C5 had 1.1% lower MST, 1.3 
days earlier DTSK. 9.3% decreased NSL and 3.7 plants/plot higher ESC 
than did S^-lines from the CO cycle (Table 51) . Bulked lines from 
BSSS2(SCT)C5 had 2.0% lower MST and 0.5 ears/plot lower DE than did 
lines from the CO cycle. S^-lines from selected cycles did not differ 
from unselected cycles' lines for any other agronomic trait. 
Results showed that alleles with some directional dominance 
controlled MST, DTSK, and DTSD in BSSS2(SCT) and DTSK in BS13(SCT) 
because estimates of Dq were significantly negative. This is supported 
by the significant inbreeding depression shown by the difference between 
the CO and C5 cycles and their S^-line bulks for DTSK and DTSD in 
BSSS2(SCT) (Table 51). Heterosis remained unchanged with selection for 
MST which implies that selection equally increased the allelic 
frequencies for MST in both populations and that they differed in 
allelic frequency. Selection increased frequencies of alleles with 
dominance effects controlling DTSD and the largest change 
occurred in the population with lowest initial frequency. The frequency 
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of alleles controlling DTSK appeared to have been increased equally 
in both populations. 
Evidence in this study also suggested that directional dominance 
was important for increased GH, GHM, GPL, and ESC. BS13(SCT) and 
BSSS2(SCT) differed in initial allelic frequencies for these traits. 
Selection for cold tolerance increased allelic frequency in 
each population and the greatest increase occurred in the population 
with lowest frequency because the C5 x C5 heterosis was nonsignificant. 
BS13(SCT)C0 and BSSS2(SCT)C0 appeared to have similar allelic 
frequencies for SV. Estimates of Dq and inbreeding depression (popula­
tions minus population S^-line bulks) generally were not significant 
for PS, PTIL, DE, EHT, and PHT in both populations, and for NRL and NSL 
in BSSS2(SCT). This indicated these traifs were not affected by alleles 
with directional dominance. Heterosis increased for PTIL, however, 
showing either selection was for different alleles or the frequency was 
increased more in one population. Alleles with directional dominance 
controlled increased root and stalk lodging in BS13(SCT). Heterosis 
for NRL increased from the CO to the C5 population cross indicating 
selection was for different alleles in each population. 
Cold tolerance traits were selected in early planted environments, 
so an obvious question was whether indirect responses to selection were 
expressed only in early environments. Significant among populations x 
early versus normal planting date interactions (Table 42) indicated that 
differences among entry means were altered by date of planting. 
However, the effects of date of planting on correlated changes in 
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allelic frequency unbiased by drift are even more important. 
Selection for cold tolerance was associated with correlated 
improvement in MST, GHM, DISK, DTSD, and PS which were expressed at both 
planting dates. Correlated improvements in GHM averaged over populations 
were 3.44%/cycle at early dates and 3.57%/cycle at normal dates. 
Selected cycles had 0.59 days/cycle (averaged over populations) earlier 
DTSK at early planting dates and 0.60 days/cycle earlier at normal dates 
(Tables 49 and 49). Thus, selection increased the frequency of pleiot-
ropic or linked genes which caused improvements in cold tolerance traits 
and improvements in MST, DTSK, DTSD, PS, and GHM at both early and 
normal planting dates. PHT, PTIL, EHT, and NSL were not improved at 
either planting date. PTIL was increased 8.03% per cycle in BSSS2(SCT) 
only at normal dates, however. Means across cycles were not different 
at either date. 
Changes in means across cycles were not altered by planting dates 
for GPL, GH, and NRL (Table 42). For example, means for GPL in 
BS13(SCT) decreased 0.041 lb/plant from the C3 to 04 cycles at 
early dates and from 0.019 lb/plant at normal dates. The 
correlated improvements in GPL over all environments (Table 41), 
however, were actually due to correlated changes only at normal planting 
dates (Table 49). Least squares estimates of correlated change in GPL 
were nonsignificant at early dates and 2.69% per cycle averaged over 
populations at normal dates. Correlated improvements in GH for 
BSSS2(SCT) were significant (2.38% per cycle) only at normal planting 
dates. This may be a reflection of both increased GPL and FSC in normal 
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environments. The improvements for GH in BS13(SCT) expressed at both 
dates may reflect increased GPL at both dates and increased FSC at early 
dates. Even though means for NRL increased and decreased across cycles 
in BS13(SCT) and BSSS2(SCT), respectively, at both planting dates, the 
among populations x early versus normal planting date interaction was 
nonsignificant (Table 42). However, larger estimates of correlated 
change in NRL were obtained at early planting dates. BS13(SCT) was 
improved for resistance to root lodging by 4.57% per cycle at early 
dates and by only 2.53% per cycle at normal dates. Correlated improve­
ments for DE in BS13(SCT) were expressed only at normal dates of 
planting. 
Selection resulted in estimates of genetic gain unbiased by drift 
for ESC, FSC, and SV which were altered by date of planting. Genetic 
gain in ESC was 3.31% per cycle (averaged over populations) at early 
dates and only 0.27% per cycle at normal dates. This concurs with the 
Moll stability analyses indicating greatest gain in PE in unfavorable 
environments (Table 37). Least squares estimates of genetic gain in SV 
were nonsignificant at normal dates but were 10.64%/cycle and 4.68%/ 
cycle at early dates for BS13(SCT) and BSSS2(SCT), respectively. The 
significant genetic gain for FSC in both populations over all environ­
ments (Table 41) was due to 2.5% per cycle improvement in BS13(SCT) at 
early dates only and 0.4% per cycle in BSSS2(SCT) at normal dates only. 
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SUMMARY AND CONCLUSIONS 
Recurrent selection for cold tolerance was utilized in BS13(SCT) 
and BSSS2(SCT) for five cycles. Random S^-lines were evaluated in one 
field location for one year with planting as close to 1 April as 
possible. Selection was based on an index of percentage emergence (PE), 
rate of emergence (RE), and seedling dry weight (SDW) with a 10% 
selection intensity used each cycle. Five cycles of selection were 
completed by 1978. The six cycles (CO - C5) of BS13(SCT) and BSSS2(SCT), 
the six possible population crosses among the CO and C5 cycles of both 
populations, and two single cross check hybrids (B73 x Mol7 and Mol7 x 
A634) were evaluated in 1980 and 1981 at 11 locations in Iowa, Wisconsin, 
Minnesota, and Nebraska for cold tolerance traits and at 10 locations 
and two dates of planting in Iowa, Nebraska, and Missouri for agronomic 
traits. Bulked S^-lines from each CO and C5 cycle, bulked Slines from 
the population crosses and seed increases of the CO and C5 of BS13(SCT) 
and BSSS2(SCT) also were evaluated in 1981 to provide estimates of 
genetic parameters. 
The objectives of this research were: (1) to evaluate direct 
responses to selection for cold tolerance traits, (2) to relate changes 
in means to changes in allelic frequency, allelic effects and drift due 
to restricted population sizes, (3) to investigate changes in genotype x 
environment interactions accompanying recurrent selection, and C4) to 
evaluate indirect responses in agronomic traits due to recurrent 
selection for cold tolerance. 
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Five cycles of selection increased DWP, SDW, PE, PEFF, and SV over 
19 evaluation environments. Actual genetic gains over all cold tolerance 
evaluation environments were 5.98, 4.515, 2.65, 3.99, and 7.43% per 
cycle for DWP, SDW, PEFF, PE, and SV, respectively, in BS13(SCT). 
Genetic gains in BSSS2(SCT) were 5.94, 4.839, 2.52, 2.40, and 6.67% 
per cycle for DWP, SDW, PEFF, PE, and SV, respectively. Observed 
improvements in means for these traits were less than actual genetic 
gain for DWP, SDW, PEFF, and SV because estimates of drift due to 
restricted population size were also significant and negative. Actual 
genetic gains generally were less than gains predicted in BS13(SCT) and 
BSSS2(SCT) by Crosbie et al. (1980) and Mock and Eberhart (1972). No 
genetic gain was observed for EE in either population. This may be due 
to a strong G x E bias during the selection phase because selection was 
performed in only one environment. Entry differences for EE were 
greatly altered by year-location effects in this study. 
Alleles with some directional dominance were important for increased 
DWP, SDW, PE, PEFF, and SV. The original populations differed in 
allelic frequencies for SDW, DWP, PEFF, and EE. Selection increased 
frequencies of alleles controlling SDW, PEFF, and PE and 
the largest increase occurred in the population with lowest initial 
frequency. Recurrent selection increased frequencies of alleles with 
dominance effects controlling DWP equally in BS13(SCT) and 
BSSS2CSCT). 
Future selection programs for cold tolerance should include criteria 
for both the ability to emerge (PE) and grow at suboptimal temperature 
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(RE, SV, SDW, or DWP). RE is too strongly influenced by environmental 
factors to be a consistent selection trait. Random environmental 
conditions of year x location combinations cause changes in rank and 
magnitudinal differences among entries for SV. So SV would only be a 
good selection criteria for early growth if data were obtained over 
several environments such as several locations within one year. 
Magnitudinal differences among entries for SDW or DWP were influenced by 
temperature differences especially between years. Genetic gain estimates 
in SDW were 0.68% per cycle over populations in the cooler year 1981 and 
5.98% per cycle in 1980. Selection data should be obtained in more than 
one year to accurately estimate genotypic differences in SDW and DWP 
although this would increase the length of the selection cycle. 
Populations improved for cold tolerance must have superior stand 
establishment and seedling performance in both cool and normal environ­
ments in order to be stable across unpredictable environments. The Moll 
stability analyses and theory of Rosielle and Hamblin (1981) indicate 
that the selected cycles of BS13CSCT) and BSSS2(SCT) have superior 
performance in both low and high mean performance environments. 
Recurrent selection for cold tolerance altered genotype x environ­
ment interactions of the populations. Improved cycles of BS13(SCT) and 
BSSS2(SCT) were more responsive to environmental variation for dry 
weight per plot and seedling dry weight. The C5 cycles had increased 
ability to respond to favorable environments. Selected cycles of each 
population were less responsive to environmental variation for PE and 
PEFF. Improved cycles had greater stability and adaptation to low 
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performance environments. Recurrent selection did not alter the G x E 
interaction for SV. 
Indirect responses in several agronomic traits were associated 
with recurrent selection for cold tolerance. Correlated improvements 
due to either pleiotropy or gene linkage were observed in GH (2.05 
Mg/ha X 10 per cycle averaged over both populations), GHM (2.17 Mg/ha 
X 10 per cycle), GPL (0.0053 lb/plant per cycle), FSC (387.4 
plants/ha per cycle), ESC (0.7 plants/plot per cycle), SV (0.3 per 
cycle), MST (0.32% per cycle), DTSD (0.61 days per cycle) and DTSK (0.7 
days per cycle). Selection was associated with increased root lodging 
resistance (genetic change was 2.48% per cycle) and decreased stalk 
lodging resistance (genetic change was -0.40% per cycle) in BS13(SCT), 
and decreased root lodging resistance (-1.96%/cycle) in BSSS2(SCT). The 
PS interval was shortened by 0.28 days in BSSS2(SCT). Correlated 
changes in DE, PTIL, EHT, and PHT generally were not observed in 
BS13(SCT) or BSSS2(SCT). Observed responses in population means were 
different than actual genetic changes for GH, GHM, GPL, SV, EHT, and 
PHT because of genetic drift. 
Cold tolerance traits were selected in early planted environments 
so an obvious question was whether indirect responses to selection were 
expressed only in early environments. Correlated improvements in 
GHM, MST, DTSK, DTSD, and PS due to pleiotropic or linked genes were 
expressed equally at both early and normal planting dates. The genetic 
changes in GPL in both populations and in GH in BSSS2(SCT), however, were 
actually due to correlated improvements only at normal planting dates. 
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The improvements in GH in BS13(SCT) were expressed at both dates. 
Correlated changes in NRL were larger at early planting dates. Sig­
nificant gains in ESC and SV were observed only at early planting 
dates. The FSC of BS13(SCT) showed genetic gain only at early dates 
whereas FSC of BSSS2(SCT) showed gain only at normal dates. 
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Table Al. Analysis of variance for cold tolerance traits at Ames, lA 
(notill), 1980 
df SV DWP SDW PE PEFF RE 
Reps 4 1.49 55.2** 0.0483** 603.04* 164.04 52.06 
Entries 19 1.19 21.0** 0.0120 778.40** 529.99** 24.72 
Error 76 0.82 8.4 0.0075 209.63 86.59 26.99 
Table A2. Means for 20 entries at C
O 1 lA (notill), : 1980 
SV 





(% ;) PEFF (%) RE (days) 
BS13(SCT)C0 1. 2 4. 28 0. 1802 23. 6 40. 0 18. 41 
CI 1. 6 5. 50 0. 1788 38. 4 59. 2 15. 67 
C2 0. 8 3. 50 0. 1586 20. 0 42. 8 13. 99 
C3 1. 2 3. 58 0. 1464 27. 6 45. 2 14. 54 
C4 1. 4 2. 78 0. 1131 28. 0 50. 8 12. 76 
C5 1. 6 5. 38 0. 1718 42. 0 62. 4 18. 36 
BSSS2(SCT)C0 1. 4 5. ,96 0. 2531 33. ,6 42. ,8 16. ,79 
CI 0. ,8 3. ,52 0. 1853 23, ,6 35. ,6 16. 90 
C2 1. ,8 7. ,52 0. ,2776 40. ,8 53. ,2 18. ,80 
C3 1, .4 5. ,72 0. ,1908 45. ,2 59. ,6 18. ,05 
C4 1. 4 6. 42 0. ,2138 36. ,8 59. ,2 16. 28 
C5 1. 8 7. 90 0. 2215 53. 2 71. 6 16. ,21 
BS13(SCT)C0 X BS13(SCT)C5 1, .4 5, .46 0. 1982 34, .8 50. 4 14. 60 
BSSS2(SCT)C0 X BSSS2(SCT)C5 2, .0 7, .72 0, .2380 49, .6 62. 0 18. 54 
BS13(SCT)C0 X BSSS2(SCT)C0 1 .2 5 .63 0. 2106 27 .6 52, .4 11, .38 
BS13(SCT)C5 X BSSS2(SCT)C5 2, .6 10. 30 0, .2632 66 .0 77. 6 17, .90 
BS13(SCT)C0 X BSSS2(SCT)C5 2 .0 6, .96 0. 2481 46 .0 54, .8 16. ,51 
BSSS2(SCT)C0 X BS13(SCT)C5 2 .0 8 .18 0 .2774 48 .0 59, .2 19 .34 
Mo 17 X A634 0 .6 2 .04 0 .0987 18 .8 38, .0 13 .63 
B73 X Mol7 2 .0 7 .07 0 .2293 48 .8 65 .6 17 .99 
L.S.D. (0 .05) 1 .2 3 .66 0 .1095 18 .3 11 .8 6 .57 
X 1 .5 5 .88 0 .2046 37 .6 54 .1 16 .30 
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Table A3. Analysis of variance for cold tolerance traits at Ames, Iowa, 
1980 
df SV DWP SDW PE PEFF RE 
Reps 4 2.16 212.7** 0.1663** 6.74 5.26 0.78 
Entries 19 8.60** 572.4** 0.1673** 537.44** 526.42** 3.20** 
Error 76 1.04 45.4 0.0216 60.21 59.72 0.54 
Table A4. Means for 20 entries at Ames, lA,-1980 
SV 
(1 to 9 DWP SDW PE PEFF RE 
scale) (g/plot) (g/plant) (%) (%) (days) 
BS13(SCT)C0 3.4 24.34 0.8711 55.2 56.0 19.93 
CI 3.2 30.54 0.9301 68.8 65.6 19.32 
C2 3.2 25.22 0.9301 53.2 53.6 19.69 
C3 4.2 32.72 0.9778 66.4 66.8 19.30 
C4 5.0 39.02 0.9843 78.0 79.2 18.89 
C5 3.4 31.34 0.8551 74.8 74.8 19.46 
BSSS2(SCT)C0 3.6 27.78 0.9105 61.2 61.2 19.91 
CI 3.2 29.54 0.9385 62.8 62.8 19.21 
C2 4.8 40.40 1.0435 76.8 77.2 18.68 
C3 4.6 39.26 1.1265 69.6 69.6 18.77 
C4 5.4 45.20 1.2199 72.8 73.2 18.03 
C5 5.6 46.18 1.2094 76.4 76.8 18.19 
BS13(SCT)C0 X BS13(SCT)C5 5.0 40.76 1.1103 72.0 72.4 19.21 
BSSS2(SCT)C0 X BSSS2(SCT)C5 7.0 52.48 1.2246 84.8 86.0 18.38 
BS13(SCT)C0 X BSSS2(SCT)C0 3.6 30.86 0.9439 65.6 66.0 19.70 
BS13(SCT)C5 X BSSS2(SCT)C5 6.8 58.80 1.3839 85.2 85.2 17.97 
BS13(SCT)C0 X BSSS2(SCT)C5 4.8 38.96 1.0885 71.6 72.0 19.48 
BSSS2(SCT)C0 X BS13(SCT)C5 4.8 43.16 1.1272 77.2 76.8 18.10 
Mo17 X A634 2.0 12.58 0.5226 45.6 47.6 21.25 
B73 X Mol7 6.2 45.24 1.1280 79.6 80.0 19.05 
L.S.D. (0.05) 1.3 8.52 0.1859 9.8 9.8 0.93 
X 4.5 36.72 1.0263 69.9 70.1 19.13 
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Table A5. Analysis of variance for cold tolerance traits at Kanawha, lA, 
1980 
df SV DWP SDW PE PEFF RE 
Reps 4 4.93** 23.3 0.0176 234.66 57.44 7.81 
Entries 19 1.39 53.4* 0.0218 281.51 121.23 4.42 
Error 76 1.17 30.7 0.0155 186.54 86.75 4.03 
Table A6. Means for 20 entries at Kanawha, lA, 1980 
SV 
(1 to 9 DWP SDW PE PEFF RE 
scale) (g/plot) (g/plant) (%) (%) (days) 
BS13(SCT)C0 3.0 11.92 0.3291 46.0 71.6 18.90 
CI 3.8 16.00 0.3972 64.0 80.8 21.15 
C2 3.8 14.72 0.3710 55.6 79.2 20.03 
C3 4.2 16.78 0.4399 58.8 76.6 18.82 
C4 4.0 17.26 0.4664 60.4 75.2 21.04 
C5 3.4 15.68 0.3959 62.8 78.0 19.74 
BSSS2(SCT)C0 3.2 12.86 0.3532 48.8 70.4 19.87 
CI 4.2 17.24 0.4618 62.0 74.4 21.24 
C2 3.2 12.14 0.3380 59.6 71.6 21.98 
C3 4.4 17.16 0.4540 59.6 75.2 21.85 
C4 3.8 16.68 0.4711 54.0 72.8 19.69 
C5 4.8 23.50 0.5623 73.6 83.6 20.71 
BS13(SCT)C0 X BS13(SCT)C5 4.8 20.48 0.5277 65.2 77.6 20.67 
BSSS2(SCT)C0 X BSSS2(SCT)C5 3.4 18.18 0.4331 54.8 82.8 19.39 
BS13(SCT)C0 X BSSS2(SCT)C0 3.8 15.96 0.4187 54.4 77.2 21.62 
BS13(SCT)C5 X BSSS2(SCT)C5 4.2 19.20 0.4710 58.8 80.0 20.02 
BS13(SCT)C0 X BSSS2(SCT)C5 4.6 20.80 0.4948 64.0 81.6 20.80 
BSSS2(SCT)C0 X BS13(SCT)C5 4.4 22.88 0.5515 70.8 82.4 20.81 
Mo17 X A634 3.8 13.06 0.4107 45.6 64.8 20.65 
B73 X Mol7 4.2 15.56 0.4026 50.0 71.6 19.32 
L.S.D. (0.05) 1.4 7.01 0.1575 17.28 11.78 2.54 
X 4.0 16.90 0.4375 58.44 76.3 20.42 
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Table A7. Analysis of variance for cold tolerance traits at Washington, 
lA, 1980 
df SV DWP SDW PE PEFF RE 
Reps 4 22.76** 406. 1** 0.1626** 1489. 94** 1238. 66** 17.80** 
Entries 19 5.00** 141. 9** 0.0538** 561. 89** 2385. 91** 3.90** 
Error 76 1.48 23. 0 0.0159 102. 89 75. 86 0.65 
Table A8. Means for 20 entries at Washington, lA, 1980 
SV 
(1 to 9 DWP SDW PE PEFF RE 
scale) (g/plot) (g/plant) (%) (%) (days) 
BS13(SCT)C0 2.8 7.60 0.3239 40.0 44.8 22.67 
CI 3.8 10.42 0.3608 48.0 55.2 21.57 
C2 4.2 10.78 0.4425 44.0 46.4 21.21 
C3 4.4 12.80 0.4582 48.0 53.6 20.84 
C4 4.8 15.72 0.4790 63.2 63.6 21.14 
C5 4.4 16.32 0.4843 58.8 63.2 20.81 
BSSS2(SCT)C0 3.8 10.90 0.4301 45.6 50.0 21.72 
CI 3.6 11.56 0.3794 57.6 60.4 21.83 
C2 3.8 12.48 0.4367 56.0 57.2 20.91 
C3 5.0 15.92 0.4354 64.8 70.4 20.47 
C4 5.4 19.16 0.5324 68.8 70.4 20.16 
C5 6.2 24.24 0.6235 72.0 76.0 20.05 
BS13(SCT)C0 X BS13(SCT)C5 5.0 18.66 0.5643 61.2 65.6 20.72 
BSSS2(SCT)C0 X BSSS2(SCT)C5 6.2 24.30 0.6551 72.8 73.6 20.10 
BS13(SCT)C0 X BSSS2(SCT)C0 4.0 12.66 0.4324 52.8 58.8 21.28 
BS13(SCT)C5 X BSSS2(SCT)C5 6.6 26.06 0.6643 70.0 76.8 20.03 
BS13(SCT)C0 X BSSS2(SCT)C5 4.6 18.06 0,5957 55.Ô 60.0 20.95 
BSSS2(SCT)C0 X BS13(SCT)C5 5.0 19.68 0.6039 64.0 66.4 20.17 
Mo 17 X A634 3.2 8.30 0.3383 40.0 50.4 23.42 
B73 X Mol7 4.4 17.08 0.4402 68.4 76.4 20.73 
L.S.D. (0 .05) 1.5 6.07 0.1563 12.8 11.0 1.02 
X 4.6 15.64 0.4840 57.6 62.0 21.04 
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Table A9. Analysis of variance for cold tolerance traits at Madison, WI, 
1980 
df SV DWP SDW PE PEFF RE 
Reps 4 136.89** 3458.5** 1.4709** 250.00** 33.74 0.39 
Entries 19 0.64 799.5** 0.2792** 181.63** 131.58** 0.44 
Error 76 0.64 213.5 0.0800 36.11 30.01 0.35 
Table AlO. Means for 20 entries at Madison, WI, 1980 
SV 
(I to 9 DWP SDW PE PEFF RE 
scale) (g/plot) (g/plant) (%) (%) (days) 
BS13(SCT)C0 0.6 74.74 1.5530 89.2 96.8 16.83 
CI 0.8 92.24 1.9261 95.6 95.6 17.04 
C2 1.2 93.54 1.9279 94.4 97.2 16.69 
C3 1.4 97.66 2.0628 96.0 94.8 16.64 
C4 1.2 91.58 1.9264 91.2 93.6 16.29 
C5 1.2 95.50 1.9516 96.0 98.0 16.77 
BSSS2(SCT)C0 1.8 99.38 2.1754 89.2 91.6 16.94 
CI 0.8 96.76 2.2397 84.0 86.8 16.58 
C2 1.0 94.66 1.9192 94.4 98.8 15.51 
C3 1.0 103.68 2.1718 92.8 95.6 16.54 
C4 0.6 107.18 2.2850 91.6 92.8 15.93 
C5 1.4 114.70 2.4212 92.8 94.8 15.94 
BS13(SCT)C0 X BS13(SCT)C5 1.2 96.26 2.0814 86.0 92.8 16.47 
BSSS2(SCT)C0 X BSSS2(SCT)C5 1.6 113.28 2.4016 90.4 94.4 16.73 
BS13(SCT)C0 X BSSS2(SCT)C0 1.2 95.50 2.0163 95.2 94.8 16.52 
BS13(SCT)C5 X BSSS2(SCT)C5 1.6 116.44 2.3691 94.4 98.4 16.19 
BS13(SCT)C0 X BSSS2(SCT)C5 1.6 112.82 2.4478 92.0 91.6 16.31 
BSSS2(SCT)C0 X BS13(SCT)C5 1.2 111.00 2.2760 95.2 97.6 16.40 
Mo17 X A634 0.6 68.88 1.8050 70.0 76.0 16.32 
B73 X Mol7 1.4 112.38 2.3045 95.6 97.6 16.54 
L.S.D. (0 .05) 1.0 18.48 0.3506 7.6 6.9 0.75 
X 1.2 99.41 2.1131 91.3 94.0 16.51 
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Table All. Analysis of variance for cold tolerance traits at Olivia, MN, 
1980 
df DWP SDW PE PEFF RE 
Reps 4 3392.9 1.0160 119.96 216.74** 3.39 
Entries 19 2987.3* 1.3406* 109.55 82.55 1.74 
Error 76 1609.3 0.6731 316.08 56.79 1.56 
Table A12. Means for 20 entries at Olivia, MN, 1980 
DWP SDW PE PEFF RE 
(g/plot) (g/plant) (%) (%) (days) 
BS13(SCT)C0 109.66 2.5542 81.2 85.6 16.13 
CI 137.82 3.2802 78.0 83.2 16.22 
C2 140.64 3.1652 80.8 88.0 16.16 
C3 140.76 3.1801 84.8 87.2 15.81 
C4 169.32 3.6738 86.0 92.0 15.12 
C5 163.92 3.8238 83.6 86.4 14.81 
BSSS2(SCT)C0 126.54 2.8635 80.0 88.4 16.71 
CI 157.86 3.5241 82.8 89.2 14.89 
C2 145.36 3.2595 86.0 90.0 15.28 
C3 166.67 3.7665 84.7 88.7 15.11 
C4 150.30 3.3098 85.2 89.6 15.75 
C5 132.58 3.1543 79.2 84.4 15.89 
BS13(SCT)C0 X BS13(SCT)C5 133.58 3.2585 79.0 79.2 16.13 
BSSS2(SCT)C0 X BSSS2(SCT)C5 129.94 2.8734 80.4 90.0 16.60 
BS13(SCT)C0 X BSSS2(SCT)C0 154.90 3.6370 77.6 84.4 15.44 
BS13(SCT)C5 X BSSS2(SCT)C5 195.17 4.4933 80.0 86.5 14.60 
BS13(SCT)C0 X BSSS2(SCT)C5 151.60 3.6376 74.4 83.2 15.11 
BSSS2(SCT)C0 X BS13(SCT)C5 151.22 3.4267 81.2 87.2 15.72 
Mo17 X A634 93.76 2.5051 67.2 74.4 16.05 
B73 X Mol7 197.24 4.5352 82.8 86.4 15.44 
L.S.D. (0.05) 50.70 1.0170 11.2 9.5 1.58 
X 147.16 3.3888 80.5 86.2 15.65 
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Table A13. Analysis of variance for cold tolerance traits at Stanton, MN, 
1980 
df SV DWP SDW PE PEFF RE 
Reps 4 14.50** 12629.0** 5.8362** 658.76** 69.44* 7.79** 
Entries 19 1.31 1718.0 0.8098 43.73 18.49 0.90 
Error 76 1.09 1463.6 0.7132 64.40 19.78 0.34 
Table A14. Means for 20 entries at Stanton, MN, 1980 
SV 
(1 to 9 DWP SDW PE PEFF RE 
scale) (g/plot) (g/plant) (%) C%) (days) 
BS13(SCT)C0 5.2 134.4 2.8203 95.6 95.6 14.43 
CI 6.4 152.4 3.2088 94.8 94.8 13.51 
C2 6.4 165.4 3.4543 92.0 96.0 13.47 
C3 6.6 160.0 3.3346 91.6 95.6 14.25 
C4 5.8 146.2 3.0309 90.0 95.6 13.83 
C5 5.8 136.2 2.8809 95.2 94.8 13.66 
BSSS2(SCT)C0 6.6 164.4 3.4006 95.6 96.8 13.37 
CI 6.2 164.2 3.3639 96.0 97.6 13.31 
C2 6.4 146.0 3.0099 90.8 96.8 13.72 
C3 7.4 202.6 4.2905 93.2 94.8 12.98 
C4 6.2 167.2 3.6129 96.8 94.0 13.54 
C5 7.0 171.8 3.7089 98.2 93.2 13.58 
BS13(SCT)C0 X BS13(SCT)C5 6.2 134.8 2.9738 87.6 92.0 13.77 
BSSS2(SCT)C0 X BSSS2(SCT)C5 6.0 149.2 3.1463 92.8 95.2 13.91 
BS13(SCT)C0 X BSSS2(SCT)C0 6.4 145.6 3.0275 96.8 96.4 13.98 
BS13(SCT)C5 X BSSS2(SCT)C3 6.2 177.0 3.8361 90.0 92.4 13.51 
BS13(SCT)C0 X BSSS2(SCT)C5 7.2 183.8 3.8812 90.8 94.4 13.94 
BSSS2(SCT)C0 X BS13(SCT)C5 6.6 173.6 3.6614 89.2 94.4 13.24 
Mol7 X A634 6.4 148.6 3.3129 87.2 89.2 14.75 
B73 X Mol7 7.0 185.8 3.9707 94.0 94.8 13.37 
L.S.D. (0.05) 1.3 48.4 1.0469 10.2 5.6 0.74 
X 6.4 160.5 3.3968 92.7 94.7 13.71 
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Table A15. Analysis of variance for cold tolerance traits at Scott's 
Bluff, NE, 1980 
df SV DWP SDW PE PEFF RE 
Reps 4 4.16* 22.3 0.0122 48.26 81.50 4.24 
Entries 19 4.07** 82.6** 0.0566** 344.24** 318.95** 4.50** 
Error 76 1.25 28.0 0.0240 122.24 111.82 1.80 
Table A16. Means for 20 entries at Scott's Bluff, NE, 1980 
SV 
(1 to 9 DWP SDW PE PEFF RE 
scale) (g/plot) (g/plant) (%) (%) (days) 
BS13(SCT)C0 3.8 10. 10 0.4888 42.0 41.6 20. 57 
CI 4.0 15. 78 0.5868 49.6 54.0 19. 36 
C2 4.6 13. 68 0.5227 42.4 50.8 19. 87 
C3 5.0 17. 88 0.5896 57.6 61.2 19. 70 
C4 4.2 15. 08 0.4958 50.0 60.8 19. 76 
C5 4.4 15. 44 0.5147 50.4 58.0 19. 14 
BSSS2(SCT)C0 3.4 10. 50 0.5140 36.0 40.8 20. 49 
CI 3.4 11. 04 0.5075 39.6 44.0 20. ,84 
C2 5.0 16. 94 0.5445 57.6 62.8 19. ,24 
C3 3.8 15. 08 0.5599 45.6 54.0 19. ,83 
C4 5.4 17. ,02 0.5906 56.4 57.6 18. ,40 
C5 4.2 19. 64 0.7515 47.6 52.0 18. 71 
BS13(SCT)C0 X BS13(SCT)C5 4.4 13. 58 0.5110 47.2 53.6 19. 42 
BSSS2(SCT)C0 X BSSS2(SCT)C5 5.6 18, .94 0.6399 52.4 57.6 19, .33 
BS13(SCT)C0 X BSSS2(SCT)C0 3.6 13, .70 0.5482 44.4 50.4 20 .61 
BS13(SCT)C5 X BSSS2(SCT)C5 5.4 19 .88 0.6909 51.2 55.6 19 .74 
BS13(SCT)C0 X BS13(SCT)C5 4.8 18 .56 0.7714 48.0 48.8 19 .89 
BSSS2(SCT)C0 X BS13(SCT)C5 4.8 13 .48 0.4723 54.0 60.0 19 .35 
Mol7 X A634 2.8 5 .46 0.3013 26.4 36.8 23 .51 
B73 X Mol7 6.6 23 .10 0.6737 62.4 67.6 19 .34 
L.S.D. (0 .05) 1.4 6 .70 0.1920 14.0 13.4 1 .70 
X 4.5 15 .24 0.5638 48.0 53.4 19 .85 
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Table A17. Analysis of variance for cold tolerance traits at Algona, lA, 
1980 
df SV DMP SDW PE PEFF RE 
Reps 4 0.82 1599.0** 0.7016** 10.84 21.94 0.34 
Entries 19 0.96** 684.0** 0.2410** 57.47* 43.66* 2.92** 
Error 76 0.42 245.6 0.1088 27.56 24.45 0.76 
Table A18. Means for 20 entries at Algona, lA, 1980 
SV 
(1 to 9 DWP SDW PE PEFF RE 
scale) (g/plot) (g/plant) (%) (%) (days) 
BS13(SCT)C0 5.6 51.42 1.1410 90.8 90.8 17.32 
CI 6.8 67.44 1.5051 89.2 90.0 17.42 
C2 7.0 75.44 1.6401 90.0 92.0 15.42 
C3 6.8 80.68 1.7175 92.0 94.0 15.85 
C4 7.4 88.06 1.8293 93.6 96.0 15.79 
C5 7.2 83.28 1.7406 95.2 96.0 15.35 
BSSS2(SCT)C0 6.4 59.56 1.3369 89.6 89.2 16.58 
CI 7.0 77.86 1.6939 93.2 92.4 16.07 
C2 7.0 76.88 1.6498 93.2 93.2 15.63 
C3 6.8 76.46 1.6689 91.2 91.6 15.48 
C4 7.0 74.10 1.6348 92.4 91.2 15.99 
C5 7.2 80.62 1.6814 94.4 95.6 15.81 
BS13(SCT)C0 X BS13(SCT)C5 6.6 64.14 1.4182 90.8 90.4 16.93 
BSSS2(SCT)C0 X BSSS2(SCT)C5 7.4 88.04 1.9063 91.6 92.4 16.01 
BS13(SCT)C0 X BSSS2(SCT)C0 6.6 63.52 1.3608 90.4 93.2 17.03 
BS13(SCT)C5 X BSSS2(SCT)C5 7.6 92.44 1.9248 95.2 96.0 15.57 
BS13(SCT)CQ X BSSS2(SCT)C5 7.0 78.78 1.7001 92.0 92.8 16.40 
BSSS2(SCT)C0 X BS13(SCT)C5 7.2 84.96 1.8633 90.0 90.8 15.79 
Mo17 X A634 6.6 51.84 1.2397 79.2 83.2 18.05 
B73 X Mol7 7.2 82.52 1.7581 93.6 93.6 15.69 
L.S.D. (0.05) 0.8 19.72 0.4089 6.61 6.2 1.10 
X 6.9 74.90 1.6205 91.38 92.2 16.21 
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Table A19. Analysis of variance for cold tolerance traits at Ames, lA 
(notill), 1981 
df SV DWP SDW PEFF 
Reps 3 1.02 21 .1* 0. 0196** 157.36 
Entries 33 1.30* 7 .5 0. 0033 235.86 
Error 95 0.74 6 .9 0. 0033 262.51 
Table A20. Means for 34 entries at Ames , lA (notill) , 1981 
SV 
(1 to 9 DWP SDW PEFF 
scale) (g/plot) (g/plant) (%) 
BS13(SCT)C0 2.8 4.53 0.1365 58.50 
CI 3.3 5.96 0.1654 69.50 
C2 2.8 3.33 0.1081 56.00 
C3 3.8 4.88 0.1323 72.50 
C4 3.0 2.70 0.0981 57.33 
C5 4.5 7.73 0.1949 76.50 
BSSS2(SCT)C0 3.3 4.58 0.1251 69.50 
CI 3.3 4.90 0.1446 65.50 
C2 2.0 3.25 0.0990 57.00 
C3 3.5 6.60 0.1742 74.50 
C4 3.7 4.57 0.1371 68.67 
C5 3.0 3.88 0.1104 66.50 
BS13(SCT)C0 X BS13(SCT)C5 3.3 4.60 0.1336 64.67 
BSSS2(SCT)C0 X BSSS2(SCT)C5 3.3 4.58 0.1366 65.00 
BS13(SCT)C0 X BSSS2(SCT)C0 2.5 2.00 0.0734 53.50 
BS13(SCT)C5 X BSSS2(SCT)C5 4.5 7.38 0.1899 71.50 
BS13(SCT)C0 X BSSS2(SCT)C5 3.3 3.88 0.1316 62.00 
BSSS2(SCT)C0 X BS13(SCT)C5 3.3 4.33 0.1216 67.50 
Mo17 X A634 3.5 4.45 0.1231 69.00 
B73 X Mol7 3.8 3.93 0.1312 61.50 
BS13(SCT)C0 SI 3.7 3.77 0.1178 57.33 
BS13(SCT)C5 SI 3.3 4.80 0.1544 60.00 
BSSS2(SCT)C0 SI 3.0 4.53 0.1278 69.50 
BSSS2(SCT)C5 31 3.3 3.35 0.1049 56.00 
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Table A20. Continued 
SV 
(1 to 9 DWP SDW PEFF 
scale) (g/plot) (g/plant) (%) 
BS13(SCT)C0 80 3.5 5.38 0.1518 68.00 
BS13(SCT)C5 80 3.0 3.18 0.1084 60.00 
BSSS2(SCr)C0 80 3.5 3.53 0.1002 69.50 
BSSS2(SCT)C5 80 4.5 6.32 0.1670 72.00 
BS13(SCT)C0 X BS13(SCT)C5 SI 2.3 2.15 0.0868 49.00 
BSSS2(SCT)C0 X BSSS2(SCT)C5 SI 3.0 3.28 0.0951 64.00 
BS13(SCT)C0 X BSSS2(SCT)C0 SI 2.5 3.08 0.1224 48.50 
BS13(SOT)05 X BSSS2(SCT)C5 SI 3.5 5.68 0.1674 67.00 
BS13(SCT)C0 X BSSS2(SCT)C5 SI 2.8 2.90 0.1446 46.50 
BSSS2(SCT)C0 X BS13(SCT)C5 SI 3.8 5.88 0.1569 73.00 
L.S.D. (0.05) 1.2 3.64 0.0796 22.46 
X 3.3 4.42 0.1318 63.79 
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Table A21. Analysis of variance for cold tolerance traits at Ames, lA, 
1981 
df SV DWP SDW PE PEFF RE 
Reps 3 12.25** 71.9** 0.0508** 868.41** 680.24** 46.95** 
Entries 33 1.44** 29.4** 0.0107** 148.71 103.54 6.66 
Error 95 0.48 11.7 0.0042 134.18 85.76 8.30 
Table A22. Means for 34 entries at Ames, lA, 1981 
SV 
(1 to 9 DWP SDW PE PEFF RE 
scale) (g/plot) (g/plant) (%) (%) (days) 
BS13(SCT)C0 4.00 15.68 0.3815 76.5 82.0 18.76 
CI 4.00 18.55 0.4190 84.0 88.5 20.28 
C2 3.75 15.18 0.3295 84.5 92.0 19.46 
C3 4.33 14.63 0.3529 68.7 80.7 18.23 
C4 3.50 14.90 0.3433 77.5 86.5 21.24 
C5 4.0 16.23 0.3511 85.5 92.0 18.86 
BSSS2(SCT)C0 5.0 16.93 0.3908 80.0 88.7 21.75 
CI 4.3 13.28 0.3161 70.5 84.5 21.91 
C2 4.0 16.65 0.3632 85.5 92.5 21.03 
C3 5.0 15.08 0.3819 70.0 79.0 21.19 
C4 5.0 20.07 0.4772 82.0 84.0 21.49 
C5 4.5 20.25 0.4569 83.5 89.0 21.56 
BS13(SCT)C0 X BS13(SCT)C5 5.0 18.18 0.4120 82.0 88.5 20.44 
BSSS2(SCT)C0 X BSSS2(SCT)C5 4.3 16.10 0.3705 80.5 88.0 20.57 
BS13(SCT)C0 X BSSS2(SCT)C0 4.0 15.80 0.3696 74.5 85.0 20.59 
BS13(SCT)C5 X BSSS2(SCT)C5 5.7 23.73 0.4965 94.0 96.0 22.95 
BS13(SCT)C0 X BSSS2(SCT)C5 4.3 18.15 0.3986 83.5 90.5 20.45 
BSSS2(SCT)C0 X BS13(SCT)C5 4.3 16.83 0.3774 81.0 89.5 20.24 
Mo 17 X A634 4.0 11.68 0.3274 67.0 72.0 18.04 
B73 X Mol7 5.5 17.65 0.4104 80.5 86.0 19.68 
BS13(SCT)C0 SI 3.0 11.08 0.3060 70.0 74.5 17.60 
BS13(SCT)C5 SI 3.5 12.73 0.2915 78.5 87.0 20.15 
BSSS2(SCT)C0 SI 3.3 12.50 0.3011 69.5 82.5 17.23 
BSSS2(SCT)C5 SI 3.8 15.40 0.3440 75.5 88.0 21.34 
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Table A22. Continued 
SV 
(1 to 9 DWP SDW PE PEFF RE 
scale) (g/plot) (g/plant) (%) (%) (days) 
BS13(SCT)Co 80 4.0 16.55 0.3955 78.0 83.5 19.21 
BS13(SCT)C5 80 4.8 18.00 0.4062 85.0 89.0 21.50 
BSSS2(SCT)C0 80 4.8 20.18 0.4452 84.5 90.5 21.66 
BSSS2(SCT)C5 80 4.5 20.03 0.4715 80.5 85.5 20.41 
BS13(SCT)C0 X BS13(SCT)C5 SI 3.5 14.28 0.3140 87.0 91.0 20.75 
BSSS2(SCT)C0 X BSSS2(SCT)C5 SI 3.8 13.00 0.3132 79.5 83.0 20.31 
BS13(SCT)C0 X BSSS2(SCT)C0 SI 3.5 13.65 0.3171 78.0 85.5 20.20 
BS13(SCT)C5 X BSSS2(SCT)C5 SI 3.8 12.93 0.3250 70.0 79.0 18.92 
BS13(SCT)C0 X BSSS2(SCT)C5 SI 3.8 14.50 0.3450 77.5 84.0 21.52 
BSSS2(SCT)C0 X BS13(SCT)C5 SI 4.3 14.85 0.3728 72.0 79.5 19.42 
L.S.D. (0.05) 1.0 4.78 0.0906 16.2 12.97 4.03 
X 4.2 15.95 0.3711 78.6 85.76 20.24 
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Table A23. Analysis of variance for cold tolerance traits at Kanawha, lA, 
1981 
df SV DWP SDW PE PEFF RE 
Reps 4 0.47 68.4** 0.0246** 920.73** 244.14** 15.98 
Entries 33 1.00* 26.6** 0.0108** 612.41** 105.17** 44.34** 
Error 132 0.58 5.4 0.0023 101.71 31.40 13.60 
Table A24. Means for 34 entries at Kanawha, lA, 1981 
SV 










BS13(SCT)C0 4.6 13. 12 0.2916 64.0 88.8 14. 81 
CI 5.4 13. 38 0.3019 70.4 88.4 18. 66 
C2 5.6 15. 52 0.3415 82.0 90.0 20. 28 
C3 5.6 15. 68 0.3711 68.0 84.4 18. 87 
C4 5.4 16. 60 0.3519 84.0 94.0 19. 66 
C5 5.8 17. 28 0.3654 90.0 94.4 21. 33 
BSSS2(SCT)C0 5.4 12. 72 0.2943 62.0 86.4 17. 71 
CI 5.0 12. 02 0.2877 67.6 83.2 18. 25 
C2 4.8 14. 28 0.3117 82.4 91.6 22. 16 
C3 5.4 13. 30 0.2875 80.8 92.8 20. 79 
C4 5.8 13. ,82 0.2969 74.8 93.2 21. 60 
C5 6.0 15. ,74 0.3440 82.0 92.0 23. ,67 
BS13(SCT)C0 X BS13(SCT)C5 6.0 15. 72 0.3832 71.6 82.4 20. ,96 
BSSS2(SCT)C0 X BSSS2(SCT)C5 6.0 16, 10 0.3554 83.2 90.8 19, .74 
BS13(SCT)C0 X BSSS2(SCT)C0 5.8 15 .10 0.3503 68.0 86.4 18. 90 
BS13(SCT)C5 X BSSS2(SCT)C5 6.0 18 .16 0.3912 89.6 93.6 23 .26 
BS13(SCT)C0 X BSSS2(SCT)C5 5.4 15 .12 0.3445 71.2 87.6 19 .69 
BSSS2(SCT)C0 X BS13(SCT)C5 6.0 16 .30 0.3658 79.2 88.8 21 .53 
Mo17 X A634 5.8 11 .60 0.2930 56.8 79.6 14 .98 
B73 X Mol7 4.8 9 .32 0.2146 49.6 86.4 13 .97 
BS13(SCT)C0 SI 4.8 9 .70 0.2606 44.4 74.4 12 .22 
BS13(SCT)C5 SI 5.4 12 .98 0.2897 69.2 89.2 17 .67 
BSSS2(SCT)C0 SI 5.0 10 .60 0.2498 55.6 84.0 14 .29 
BSSS2(SCT)C5 SI 4.6 11 .16 0.2528 61.6 87.6 17 .93 
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Table A24. Continued 
sv 










BS13(SCT)C0 80 5.8 14.40 0.3463 66.8 83.2 15.89 
BS13(SCT)C5 80 6.0 18.16 0.3944 83.2 92.0 22.95 
BSSS2(SCT)C0 80 6.0 16.84 0.3808 72.0 88.4 22.21 
BSSS2(SCT)C5 80 5.8 14.56 0.3043 84.4 95.6 20.47 
BS13(SCT)C0 X BSI3(SCT)C5 SI 5.2 12.98 0.2834 66.4 91.6 15.52 
BSSS2(SCT)C0 X BSSS2(SCT)C5 SI 5.2 11.56 0.2561 66.8 90.0 19.02 
BS13(SCT)C0 X BSSS2(SCT)C0 SI 5.0 13.22 0.3133 67.2 83.6 17.80 
BS13(SCT)C5 X BSSS2(SCT)C5 SI 5.2 13.24 0.2928 77.2 90.8 20.61 
BS13(SCT)C0 X BSSS2(SCT)C5 SI 5.0 10.98 0.2518 58.4 86.8 13.74 
BSSS2(SCT)C0 X BS13(SCT)C5 SI 5.4 13.62 0.3016 75.2 90.4 17.78 
L.S.D. (0.05) 1.8 2.91 0.0599 12.63 7.0 4.62 
X 5.4 13.97 0.3153 71.34 88.3 18.79 
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Table A25. Analysis of variance for cold tolerance traits at Washington, 
lA, 1981 
df SV DWP SDW PE PEFF RE 
Reps 2 0.09 144.4 0.1323 119.69 246.39* 0.58 
Entries 33 4.08 309.0** 0.1255* 56.85 79.15 0.91** 
Error 66 3.31 130.4 0.0696 52.37 57.34 0.28 
Table A26. Means for 34 entries at Washington, lA, 1981 
SV 
(1 to 9 DWP SDW PE PEFF RE 
scale) (g/plot) (g/plant) (%) (%) (days) 
BS13(SCT)C0 5.0 43. 57 1. 0613 84.7 82.7 17. 24 
CI 4.3 42. 97 1. 0075 90.0 86.0 16. 75 
C2 4.0 37. 07 0. 8615 88.0 88.7 16. 86 
C3 5.3 51. 33 1. 1857 90.0 86.7 15. 99 
C4 5.3 51. 07 1. 1748 93.3 87.3 15. 84 
C5 6.7 62. 43 1. 4166 91.3 87.3 15. 68 
BSSS2(SCT)C0 4.7 43. 70 0. 8917 98.0 98.0 16. 43 
CI 3.0 35. 70 0. 8044 91.3 89.3 17. 42 
C2 4.0 35. ,43 0. 8361 89.3 85.3 16. ,54 
C3 5.3 50, ,00 1. ,1034 88.7 91.3 15. ,99 
C4 3.7 42. ,40 0. ,9279 94.0 92.7 15. ,96 
C5 6.3 59. ,23 1. 3066 94.0 90.7 16. 05 
BS13(SCT)C0 X BS13(SCT)C5 5.7 52, .83 1. 1729 92.7 92.0 16, .00 
BSSS2(SCT)C0 X BSSS2(SCT)C5 7.3 70, .37 1. 5069 94.7 93.3 16. 00 
BS13(SCT)C0 X BSSS2(SCT)C0 5.7 49 .67 1, .2417 92.0 81.3 16 .31 
BS13(SCT)C5 X BSSS2(SCT)C5 6.3 64 .17 1 .3641 92.7 94.7 15 .98 
BS13(SCT)CQ X BSSS2(SCT)C5 5.0 54 .27 1 .1768 93.3 92.7 16 .33 
BSSS2(SCT)C0 X BS13(SCT)C5 3.0 40 .47 0 .8936 97.3 90.7 16 .26 
Mo17 X A634 5.3 35 .80 0 .9344 81.3 76.7 17 .62 
B73 X Mol7 5.3 42 .43 0 .9203 93.3 92.7 16 .09 
BS13(SCT)C0 SI 4.3 35 .70 0 .8596 82.7 82.0 16 .97 
BS13(SCT)C5 SI 4.0 41 .23 0 .9163 88.7 90.0 15 .95 
BSSS2(SCT)C0 SI 4.3 31 .77 0 .7803 84.0 81.3 16 .91 
BSSS2(SCT)C5 SI 3.0 31 .53 0 .7309 90.7 84.7 17 .01 
251 
Table A26. Continued 
SV 
(1 to 9 DWP SDW PE PEFF RE 
scale) (g/plot) (g/plant) (%) (%) (days) 
BS13(SCT)C0 80 4. 3 41. 53 0. 9706 89. 3 85.3 16.72 
BS13(SCT)C5 80 5. 7 45. 67 1. 0707 87. 3 86.0 15.67 
BSSS2(SCT)C0 80 5. 3 43. 87 1. 0945 84. 0 82.7 16.76 
BSSS2(SCT)C5 80 6. 0 55. 53 1. 2211 92. 7 92.0 16.34 
BS13(SCT)C0 X BS13(SCT)C5 SI 3. 7 36. 90 0. 8829 82. 0 84.0 16.52 
BSSS2(SCT)C0 X BSSS2(SCT)C5 SI 3. 7 36. 93 0. 8289 92. 7 89.3 16.64 
BS13(SCT)C0 X BSSS2(SCT)C0 SI 2. 3 27. 97 0. 7325 87. 3 76.7 17.39 
BS13(SCT)C3 X BSSS2(SCT)C5 SI 3. 7 37. 40 0, 8414 96. 0 88.7 17.08 
BS13(SCT)C0 X BSSS2(SCT)C5 SI 3. 7 32. 33 0. 7709 86. 0 83.3 17.26 
BSSS2(SCT)C0 X BS13(SCT)C5 SI 4. 7 38. 40 0. 9397 86. 0 79.3 17.18 
L.S.D. (0.05) 3. .0 18. ,65 0. ,4308 11. ,8 12.4 0.87 
X 4. .7 44. 17 1. 0126 90. ,0 87.2 16.52 
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Table A27. Analysis of variance for cold tolerance traits at Madison, WI, 
1981 
df SV DWP SDW PE PEFF RE 
Reps 4 2.75 122.1** 0.0500** 35.74 14.21 3.11 
Entries 33 3.58** 66.3** 0.0169** 110.23** 90.64** 2.56** 
Error 132 1.32 17.8 0.0070 33.97 31.25 1.03 
Table A28. Means for 34 entries at Madison, WI, 1981 
SV 
(1 to 9 DWP SDW PE PEFF RE 
scale) (g/plot) (g/plant) (%) (%) (days) 
BS13(SCT)C0 3.0 33. 01 0.7366 86.8 89.6 22. 24 
CI 5.0 39. 21 0.8335 94.8 94.4 21. 09 
C2 5.2 37. 28 0.7917 92.4 94.4 22. 22 
C3 4.8 38. 07 0.8449 92.8 90.0 22. 05 
C4 3.2 35. 56 0.7557 96.4 96.8 21. 81 
C5 3.4 32. 46 0.7452 86.8 87.6 21. 64 
BSSS2(SCT)C0 5.6 38. 27 0.8530 88.8 90.0 21. 94 
CI 4.0 31. 70 0.7404 88.0 85.6 22. 49 
C2 4.6 38. ,24 0.8193 94.0 93.2 22. ,67 
C3 3.6 36. ,34 0.7880 92.8 92.4 21. ,96 
C4 4.8 38. ,90 0.8649 90.4 90.0 21. ,70 
C5 4.8 42. 19 0.8993 94.4 93.6 21, .48 
BS13(SCT)C0 X BS13(SCT)C5 4.0 37, .96 0.8330 91.6 91.2 21, .20 
BSSS2(SCT)C0 X BSSS2(SCT)C5 5.8 44, .56 0.9292 96.0 95.6 21. 23 
BS13(SCT)C0 X BSSS2(SCT)C0 4.4 37, .15 0.8174 92.8 90.8 21, 93 
BS13(SCT)C5 X BSSS2(SCT)C5 6.4 43 .33 0.8882 98.0 97.6 21 . 15 
BS13(SCT)C0 X BSSS2(SCT)C5 4.6 37 .69 0.8120 92.8 92.8 21 .96 
BSSS2(SCT)C0 X BS13(SCT)C5 4.8 41 .43 0.8697 95.6 95.2 20 .47 
Mol7 X A634 4.4 29 .07 0.7536 73.2 77.2 23 .68 
B73 X Mol7 5.2 37 .23 0.7620 97.6 98.0 21 .41 
BS13(SCT)C0 SI 3.6 32 .53 0.7485 86.0 87.2 22 .69 
BS13(SCT)C5 SI 3.8 34 .09 0.7132 97.2 95.6 21 .88 
BSSS2(SCT)C0 SI 4.2 32 .96 0.7345 88.4 89.6 22 .84 
BSSS2(SCT)C5 SI 3.6 35 .63 0.7876 91.2 90.8 22 .15 
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Table A28. Continued 
SV 
(1 to 9 DWP SDW PE PEFF RE 
scale) (g/plot) (g/plant) (%) (%) (days) 
BS13(SCT)C0 80 3.6 35. 20 0. 8472 88. 0 83.2 21. 83 
BS13(SCT)C5 80 4.4 38. 21 0. 8115 93. 6 94.0 21. 39 
BSSS2(SCT)C0 80 5.2 37. 58 0. 8304 90. 0 90.8 21. 80 
BSSS2(SCT)C5 80 5.8 44. 31 0. 9308 94. 8 95.2 21. 60 
BS13(SCT)C0 X BS13(SCT)C5 SI 3.8 33. 27 0. 7550 88. 8 88.0 23. 04 
BSSS2(SCT)C0 X BSSS2(SCT)C5 SI 3.8 34. 14 0. 7848 88. 4 86.8 23. 98 
BS13(SCT)C0 X BSSS2(SCT)C0 SI 3.0 32. 51 0. ,7239 88. ,0 90.4 22. ,49 
BS13(SCT)C5 X BSSS2(SCT)C5 SI 4.0 36. 50 0. ,7847 90. ,8 92.8 22, ,16 
BS13(SCT)C0 X BSSS2(SCT)C5 SI 4.0 35. ,64 0. ,7713 95. ,2 92.8 22. ,29 
BSSS2(SCT)C0 X BS13(SCT)C5 SI 3.6 34. ,79 0. ,7745 88. ,4 90.0 22. ,28 
L.S.D. (0.05) 1.4 5, .28 0. 1048 7. 3 7.0 1. 27 
X 4.4 36. ,71 0. 8040 91. 3 91.3 22. 02 
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Table A29. Analysis of variance for cold tolerance traits at Olivia, MN, 
1981 
df SV DWP SDW PE PEFF RE 
Reps 2 2.51 404.3** 0.1858** 100.75 28.35 6.22 
Entries 33 2.40** 72.8** 0.0271** 100.81* 69.89** 3.65 
Error 66 0.89 20.0 0.0085 56.02 26.66 3.36 
Table A30. Means for 34 entries at Olivia, MN, 1981 
SV 
(1 to 9 DWP SDW PE PEFF RE 
scale) (g/plot) (g/plant) (%) (%) (days) 
BS13(SCT)C0 5.3 23. 00 0.5227 80.7 88.0 22. 46 
CI 5.7 23. 77 0.5170 84.0 90.7 22. 78 
C2 5.3 • 20. 70 0.4636 86.0 89.3 22. 49 
C3 6.0 25. 93 0.5603 90.7 92.0 22. 81 
C4 5.3 23. 83 0.5096 93.3 94.0 25. 39 
C5 5.7 21. 73 0.4590 91.3 94.7 23. 51 
BSSS2(SCT)C0 6.0 29. 67 0.6555 83.3 90.0 21. 85 
CI 6.3 23. 87 0.5185 86.0 92.0 23. 19 
C2 4.7 17. 67 0.4307 77.3 82.0 20. 97 
C3 6.7 20. ,50 0.4566 86.0 90.0 23. ,74 
C4 6.7 23, ,97 0.5794 84.7 83.3 23, ,60 
05 7.7 37, .47 0.7808 94.7 96.0 23. ,06 
BS13(SCT)C0 X BS13(SCT)C5 5.0 26 ,87 0.5965 89.3 90.0 23, .90 
BSSS2(SCT)C0 X BSSS2(SCT)C5 6.0 21, .57 0.4984 84.7 86.0 23. 00 
BS13(SCT)C0 X BSSS2(SCT)C0 5.7 24, .70 0.5509 88.0 90.0 24, . 16 
BS13(SCT)C5 X BSSS2(SCT)C5 6.3 31 .13 0.6644 91.3 93.3 23 .30 
BS13(SCT)C0 X BSSS2(SCT)C5 6.7 29 .20 0.6354 90.0 91.3 23 .80 
BSSS2(SCT)C0 X BS13(SCT)C5 6.7 29 .33 0.5986 91.3 98.0 23 . 84 
Mol7 X A634 6.0 17 .77 0.4726 67.3 75.3 21 • 71 
B73 X Mol7 6.0 29 .00 0.6320 82.7 92.0 23 .12 
BS13(SCT)C0 SI 4.0 16 .20 0.3693 80.7 88.0 21 .38 
BS13(SCT)C5 SI 5.7 20 .53 0.4454 86.7 92.0 22 .64 
BSSS2(SCT)C0 SI 5.0 17 .37 0.3976 82.7 86.0 20 .32 
BSSS2(SCT)C5 SI 3.7 17 .33 0.3618 88.7 96.7 22 .43 
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Table A30. Continued 
SV 
(1 to 9 DWP SDW PE PEFF RE 
scale) (g/plot) (g/plant) (%) (%) (days) 
BS13(SCT)C0 80 5.3 21.07 0.5050 84.0 83.3 24.24 
BS13(SCT)C5 80 6.3 30.30 0.6299 90.0 96.7 24.30 
BSSS2(SCT)C0 80 6.0 26.57 0.5736 90.0 93.3 24.51 
BSSS2(SCT)C5 80 6.0 29.17 0.6041 93.3 96.7 23.29 
BS13(SCT)C0 X BS13(SCT)C5 SI 5.3 20.17 0.4658 74.0 87.3 24.34 
BSSS2(SCT)C0 X BSSS2(SCT)C5 SI 4.0 18.80 0.4151 84.0 90.0 22.56 
BS13(SCT)C0 X BSSS2(SCT)C0 SI 5.3 20.10 0.4412 82.0 91.3 22.37 
BS13(SCT)C5 X BSSS2(SCT)C5 SI 6.3 20.13 0.4241 86.7 94.7 24.17 
BS13(SCT)C0 X BSSS2(SCT)C5 SI 4.0 21.43 0.4966 79.3 86.0 24.19 
BSSS2(SCT)C0 X BS13(SCT)C5 SI 4.7 20.23 0.4549 80.7 88.0 24.35 
L.S.D. (0.05) 1.5 7.31 0.1502 12.22 8.43 2.99 
X 5.6 23.56 0.5202 85.45 90.24 23.17 
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Table A31. Analysis of variance for cold tolerance traits at Stanton, MN, 
1981 
df SV DWP SDW PE PEFF RE 
Reps 4 3. 83* 0.366 0. 000037 969.92** 107.22* 94.37** 
Entries 33 6. 15** 2.178** 0. 000681** 954.03** 187.99** 31.48 
Error 132 1. 13 0.430 0. 000169 256.14 38.27 24.68 
Table A32. Means for 34 entries at Stanton, MN, 1981 
SV 
(1 to 9 DWP SDW PE PEFF RE 
scale) (g/plot) (g/plant) (%) (%) (days) 
BS13(SCT)C0 4.8 2.54 0.0666 2.8 76.0 0.00 
CI 5.0 2.56 0.0627 6.8 81.2 3.00 
C2 6.2 3.26 0.0796 17.2 81.6 4.06 
C3 6.2 3.16 0.0774 14.4 81.6 2.16 
C4 6.2 3.88 0.0841 26.0 92.0 3.82 
C5 6.2 4.06 0.0987 24.8 82.6 3.50 
BSSS2(SCT)C0 5.8 3.40 0.0780 25.6 86.0 5.85 
CI 5.0 2.70 0.0664 20.0 80.8 3.23 
C2 5.8 2.94 0.0708 25.2 83.2 4.36 
C3 6.6 3.24 0.0731 34.0 88.4 5.83 
C4 6.2 3.56 0.0814 42.8 87.6 5.53 
C5 7.6 4.42 0.0951 55.6 92.8 9.86 
BS13(SCT)C0 X BS13(SCT)C5 7.4 4.14 0.0956 32.4 86.4 6.55 
BSSS2(SCT)C0 X BSSS2(SCT)C5 6.4 3.80 0.0818 25.2 92.8 1.61 
BS13(SCT)C0 X BSSS2(SCT)C0 4.2 2.84 0.0688 12.0 82.0 3.86 
BS13(SCT)C5 X BSSS2(SCT)C5 7.8 4.68 0.0991 47.6 94.4 3.48 
BS13(SCT)C0 X BSSS2(SCT)C5 7.0 3.62 0.0851 20.4 84.8 6.13 
BSSS2(SCT)C0 X BS13(SCT)C5 7.4 4.24 0.0923 40.0 90.8 5.06 
Mo17 X A634 3.0 1.98 0.0607 3.6 64.4 2.25 
B73 X Mol7 7.4 3.58 0.0777 32.4 91.6 2.71 
BS13(SCT)C0 SI 5.8 3.04 0.0735 12.8 81.6 7.51 
BS13(SCT)C5 SI 6.8 3.98 0.0883 37.2 89.6 5.06 
BSSS2(SCT)C0 SI 5.6 3.08 0.0707 13.6 86.4 4.75 
BSSS2(SCT)C5 81 4.8 3.42 0.0752 11.6 91.2 6.84 
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Table A32. Continued 
SV 
(1 to 9 DWP SDW PE PEFF RE 
scale) (g/plot) (g/plant) (%) (%) (days) 
BS13(SCT)C0 80 6. 2 2. 94 0.0697 6, .4 84.0 0.64 
BS13(SCT)C5 80 8. 2 4, .54 0.1005 43, .6 90.4 7.28 
BSSS2(SCT)C0 80 6. 6 3, .82 0.0848 34, .4 89.2 1.67 
BSSS2(SCT)C5 80 6. 8 4, .46 0.0935 38 .4 95.6 4.27 
BS13(SCT)C0 X BS13(SCT)C5 SI 6. 0 3 .16 0.0727 15 .2 86.8 1.50 
BSSS2(SCT)C0 X BSSS2(SCT)C5 SI 6. 2 3 .18 0.0680 20 .4 93.2 4.22 
BS13(SCT)C0 X BSSS2(SCT)C0 SI 4. 4 2 .38 0.0583 2 .8 83.2 0.00 
BS13(SCT)C5 X BSSS2(SCT)C5 SI 6. 0 3 .50 0.0775 30 .8 90.0 5.93 
BS13(SCT)C0 X BSSS2(SCT)C5 SI 5. 2 2 .78 0.0654 8 .4 84.8 13.73 
BSSS2(SCT)C0 X BS13(SCT)C5 SI 6. ,6 3 .58 0.0783 26 .8 91.6 3.83 
L.S.D. (0.05) I. 3 0 .82 0.3511 20 .0 7.8 6.22 
X 6. ,1 3 .43 0.0786 23 .9 86.4 4.51 
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Table A33. Analysis of variance for cold tolerance traits at Algona, lA, 
1981. 
df SV DWP SDW PE PEFF RE 
Reps 4 2.58* 51.7** 0.0190** 264.51* 136.79* 22.59 
Entries 33 3.25** 17.0** 0.0059** 603.21** 140.50** 38.17** 
Error 132 0.75 3.0 0.0011 97.95 43.04 10.53 
Table A34. Means for 34 entries at Algona, lA, 1981 
(1 
SV 
to 9 DWP SDW PE PEFF RE 
scale) (g/plot) (g/plant) (%) (%) (days) 
BS13(SCT)C0 4.4 9.06 0.2022 55.6 88.4 5.29 
CI 4.4 8.46 0.1956 59.2 86.0 6.61 
C2 4.6 11.74 0.2429 76.0 96.4 15.48 
C3 4.8 10.64 0.2250 77.2 94.0 8.70 
C4 5.8 11.20 0.2418 79.2 93.2 9.49 
C5 4.6 9.78 0.2091 79.2 93.6 11.22 
BSSS2(SCT)C0 4.8 8.68 0.1977 66.4 87.6 6.29 
CI 3.8 8.22 0.1892 62.4 87.2 8.52 
C2 3.2 5.90 0.1409 55.6 83.6 7.38 
C3 3.8 7.92 0.1710 64.8 92.8 9.83 
C4 4.8 8.44 0.1914 64.4 87.6 12.22 
C5 4.0 10.16 0.2201 63.2 92.0 9.30 
BS13(SCT)C0 X BS13(SCT)C5 5.0 10.98 0.2282 72.8 96.0 8.28 
BSSS2(SCT)C0 X BSSS2(SCT)C5 4.6 8.50 0.1793 63.6 95.2 11.26 
BS13(SCT)C0 X BSSS2(SCT)C0 3.8 7.62 0.1718 56.0 88.4 5.33 
BS13(SCT)C5 X BSSS2(SCT)C5 6.2 11.50 0.2529 78.8 90.4 12.76 
BS13(SCT)C0 X BSSS2(SCT)C5 4.8 11.10 0.2326 72.0 95.2 8.00 
BSSS2(SCT)C0 X BS13(SCT)C5 5.2 11.82 0.2592 71.6 90.0 11.85 
Mo 17 X A634 4.8 6.52 0.1631 54.0 78.8 4.64 
B73 X Mol7 2.4 4.06 0.1155 26.8 70.8 12.40 
BS13(SCT)C0 SI 3.4 8.10 0.1678 49.2 96.4 4.86 
BS13(SCT)C5 SI 4.0 8.76 0.1987 67.2 88.0 7.09 
BSSS2(SCT)C0 SI 3.6 8.10 0.1741 66.0 92.0 9.18 
BSSS2(SCT)C5 SI 3.6 6.74 0.1472 56.8 91.6 4.75 
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Table A34. Continued 
SV 
(1 to 9 DWP SDW PE PEFF RE 
scale) (g/plot) (g/plant) (%) (%) (days) 
BS13(SCT)C0 80 4.6 9.18 0.2109 62.0 86.4 6.76 
BS13(SCT)C5 80 5.2 11.54 0.2458 76.4 94.0 12.30 
BSSS2(SCT) CO 80 5.6 10.78 0.2283 75.6 93.6 11.67 
BSSS2(SCT)C5 80 4.2 9.94 0.2109 74.8 94.8 11.47 
BS13(SCT)C0 X BS13(SCT)C5 SI 4.4 8.26 0.1887 58.4 86.4 9.19 
BSSS2(SCT)C0 X BSSS2(SCT)C5 SI 3.2 7.24 0.1623 55.6 89.2 9.00 
BS13(SCT)C0 X BSSS2(SCT)C0 SI 3.4 7.26 0.1661 51.6 85.6 5.97 
BS13(SCT)C5 X BSSS2(SCT)C5 SI 4.2 8.54 0.1830 63.2 93.2 8.19 
BS13(SCT)C0 X BSSS2(SCT)C5 SI 3.6 7.10 0.1624 54.8 86.8 7.01 
BSSS2(SCT)C0 X BS13(SCT)C5 SI 4.0 8.12 0.1808 58.8 90.4 5.60 
L.S.D. (0.05) 1.1 2.18 0.0417 12.4 8.2 4.06 
X 4.3 8.88 0.1958 63.8 89.9 8.77 
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Table A35. Analysis of variance for cold tolerance traits at Nevada, lA, 
1981 
df DWP SDW PE PEFF RE 
Reps 4 0.84 0.00030 214.06 128.39 1.33 
Entries 33 6.35** 0.00056 575.01** 460.91** 4.53 
Error 132 1.26 0.00034 87.54 92.05 3.11 
Table A36. Means for 34 entries at Nevada, lA, 1981 
DWP SDW PE PEFF RE 
(g/plot) (g/plant) (%) (%) (days) 
BS13(SCT)C0 7.00 0.2440 52.8 57.6 23. 20 
CI 8.36 0.2281 63.2 73.2 25. 69 
C2 9.98 0.2382 78.2 84.0 23. 91 
C3 9.30 0.2468 82.0 76.8 24. 25 
C4 9.38 0.2305 80.4 81.6 23. 05 
C5 8.16 0.2231 72.0 73.2 23. 77 
BSSS2(SCT)C0 8.04 0.2366 66.8 68.0 24. 09 
CI 8.18 0.2278 70.0 72.0 22. 93 
C2 8.66 0.2290 76.8 75.6 23. 94 
C3 8.18 0.2352 70.0 69.2 23. 81 
C4 9.88 0.2353 81.6 84.4 23. 32 
C5 8.96 0.2158 81.2 83.6 23, ,57 
BS13(SCT)C0 X BS13(SCT)C5 8.66 0.2484 71.6 72.4 25, .29 
BSSS2(SCT)C0 X BSSS2(SCT)C5 9.42 0.2375 72.8 79.2 24, .17 
BS13(SCT)C0 X BSSS2(SCT)C0 9.46 0.2334 74.8 81.2 24 .53 
BS13(SCT)C5 X BSSS2(SCT)C5 10.74 0.2417 85.6 88.8 23 .40 
BS13(SCT)C0 X BSSS2(SCT)C5 8.30 0.2293 71.2 72.4 24 .12 
BSSS2(SCT)C0 X BS13(SCT)C5 9.72 0.2465 76.8 79.6 24 .51 
Mo 17 X A634 6.36 0.2597 43.2 48.8 26 .58 
B73 X Mol7 10.16 0.2507 79.2 81.2 24 .49 
BS13(SCT)C0 SI 6.70 0.2381 50.8 58.0 24 .53 
BS13(SCT)C5 SI 7.24 0.2240 60.4 64.8 24 .17 
BSSS2(SCT)C0 SI 7.56 0.2278 59.2 66.4 25 .16 
BSSS2(SCT)C5 SI 7.82 0.2129 69.2 74.0 23 .89 
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Table A36. Continued 
DWP SDW PE PEFF RE 
(g/plot) (g/plant) (%) (%) (days) 
BS13(SCT)C0 80 8.22 0.2360 60.0 69.6 23.36 
BS13(SCT)C5 80 8.94 0.2271 76.4 78.8 23.41 
BSSS2(SCT)C0 80 8.90 0.2258 75.6 78.8 24.09 
BSSS2(SCT)C5 80 9.50 0.2170 85.6 88.0 24.46 
BS13(SCT)C0 X BS13(SCT)C5 SI 7.64 0.2287 62.0 66.8 24.05 
BSSS2(SCT)C0 X BSSS2(SCT)C5 SI 7.00 0.2191 57.6 64.4 23.00 
BS13(SCT)C0 X BSSS2(SCT)C0 SI 5.96 0.2325 48.4 51.2 21.33 
BS13(SCT)C5 X BSSS2(SCT)C5 SI 8.18 0.2287 71.2 71.6 23.01 
BS13(SCT)C0 X BSSS2(SCT)C5 SI 8.26 0.2162 70.4 76.4 23.11 
BSSS2(SCT)C0 X BS13(SCT)C5 SI 7.68 0.2210 66.8 69.6 22.66 
L.S.D. (0.05) 1.41 0.0232 11.72 12.0 2.21 
X 8.43 0.2318 69.53 73.0 23.91 
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Table A37. Analysis of variance for cold tolerance traits at Tekamah, NE, 
1981 
df DWP SDW PE PEFF RE 
Reps 4 0.72 0.00023 24.08 124.79 1.23 
Entries 33 5.92** 0.00136** 56.33* 86.08* 1.18** 
Error 132 1.12 0.00030 31.92 47.58 0.53 
Table A38. Means for all entries at Tekamah, NE, 1981 
DWP SDW PE PEFF RE 
(g/plot) (g/plant) (%) (%) (days) 
BS13(SCT)C0 10.46 0.2305 88.8 90.8 21. 28 
CI 9.72 0.2237 87.6 86.8 20. 77 
C2 10.38 0.2327 91.6 89.2 19. 89 
C3 10.54 0.2260 91.6 93.2 20. 52 
C4 9.96 0.2259 92.4 88.4 20. 29 
C5 10.66 0.2308 90.0 92.4 20. 61 
BSSS2(SCT)C0 9.44 0.2225 86.4 84.4 20. 65 
CI 9.74 0.2319 87.2 84.0 20. 56 
C2 10.18 0.2243 84.4 90.8 19. ,97 
C3 9.80 0.2295 87.6 85.6 20. ,40 
C4 10.18 0.2332 88.4 87.6 20. ,83 
C5 10.12 0.2259 92.4 89.6 20. 54 
BS13(SCT)C0 X BS13(SCT)C5 11.04 0.2426 90.0 91.2 20 .45 
BSSS2(SCT)C0 X BSSS2(SCT)C5 10.50 0.2282 90.4 92.0 20, .48 
BS13(SCT)C0 X BSSS2(SCT)C0 10.34 0.2342 86.8 88.4 20 .83 
BS13(SCT)C5 X BSSS2(SCT)C5 10.74 0.2376 88.8 90.4 19 .81 
BS13(SCT)C0 X BSSS2(SCT)C5 10.84 0.2380 92.8 90.8 20 .81 
BSSS2(SCT)C0 X BS13(SCT)C5 10.74 0.2417 89.2 88.8 20 .41 
Mo 17 X A634 8.92 0.2272 85.6 78.8 21 .37 
B73 X Mol7 12.88 0.2758 90.4 93.2 19 .77 
BS13(SCT)C0 SI 8.98 0.2160 87.2 83.2 21 .41 
BS13(SCT)C5 SI 7.76 0.1865 86.8 84.0 20 .87 
BSSS2(SCT)C0 31 7.44 0.1903 79.2 78.0 21 .03 
BSSS2(SCT)C5 51 8.74 0.2041 86.8 85.6 21 .45 
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Table A38. Continued 
DWP SDW PE PEFF RE 
(g/plot) (g/plant) (%) (%) (days) 
BS13(SCT)C0 80 10. 36 0. 2358 85. 2 88.0 20.79 
BS13(SCT)C5 80 9. 34 0. 2247 90. ,8 82.8 20.77 
BSSS2(SCT)C0 80 10. 14 0. 2277 86. .8 89.2 20.51 
BSSS2(SCT)C5 80 9, .72 0. 2254 90. ,8 86.4 20.40 
BS13(SCT)C0 X BS13(SCT)C5 SI 8 .68 0. 2073 84. 8 84.0 20.85 
BSSS2(SCT)C0 X BSSS2(SCT)C5 SI 8 . 66 0. 2072 86. 8 83.6 21.62 
BS13(SCT)C0 X BSSS2(SCT)C0 SI 7 .82 0. 1971 78. 4 79.6 21.26 
BS13(SCT)C5 X BSSS2(SCT)C5 SI 8 .42 0. .2075 86. 4 80.8 21.04 
BS13(SCT)C0 X BSSS2(SCT)C5 SI 9 .76 0. 2239 91, .2 87.2 20.86 
BSSS2(SCT)C0 X BS13(SCT)C5 SI 9 .08 0, .2188 84, .0 82.8 21.65 
L.S.D. (0.05) 1 .32 0. 0215 7 .1 8.6 0.91 
X 9 .77 0, .2245 87 .9 86.8 20.73 
Table A39« Analysis of variance for agronomic traits at Ames, lA (notlll early), 1980 
dC HST Gil GUM GPL FSC ESC NRI NSL DE EHT DISK DTSD PS PTIL SV PHT 
Reps 4 14 ,74** 159, .33 172, .07 0.01922** 1
 
1 85.92* 160, .10 2, .03 0.3333 79, .01 27 .82 44, .51** 7. 56 210, 86* 0, .71 19. 27 
Entries 19 17. 02** 396. 86** 362, 72** 0.01357** 175040750.0** 229.05** 665, .36** 5. 69 0.5183 160, ,44* 23, .85** 21. 13** 8. 37** 171. ,86* 0, .84* 258, .12** 
Error 76 2. 81 101, .51 86, 37 0.00245 28014697.4 31.42 152, 91 5, ,08 0.6079 74. 13 6, .27 8, .70 3, 71 81. 85 0, .44 93, ,17 
Table A40. Means for 20 entries at Ames, lA (notill early), 1980 
GH GHM FSC ESC SV 
MST Mg/ha Mg/ha GPL plants/ plants/ NRL NSL EHT DTSK DTSD PS PTIL (I to 9 PHT 
X xlO xlO lb/plant ha plot X X DE cm days days days X scale) (cm) 
BS13(SCT)C0 21 .82 57.89 53.58 0.2825 45448.0 39 .8 56.63 100.00 0.526 107 .36 99 .4 95 .4 -4 .0 5 .308 5 ,6 199.00 
CI 20 .74 71 .00 66.35 0.2773 56212 .0 51 .0 65.79 98.59 0.000 110 .84 98 .8 95 .6 -3 .2 7 .817 5 .4 202.16 
02 20 ,94 71 .11 66.57 0.3107 50949 .6 45 .6 82.54 98.70 0.465 115 .44 97 .2 93 .4 -3 .8 10 .130 6 .0 206.84 
03 21 .58 76 .10 70.59 0.2865 58604 .0 53 .2 88.65 99.59 0.000 109 .96 98 .2 94 .0 -4 .2 7 .381 7 .0 199.08 
C4 20 ,46 56.69 53.55 0.2237 55972 .8 54 .0 94.24 97.85 0.000 106 .42 98 .8 92 .8 -6 .0 6 .690 6 .8 190.20 
05 20 ,54 63 .74 59.90 0.2423 58125 .6 57 .2 93.77 100.00 0.408 104 .92 96 .8 93 .4 -3 .4 5 .803 6, .8 195.32 
BSSS2(SCT)C0 20 .74 63.96 60.09 0.2898 49275, .2 45, ,4 71.38 98.04 0.526 111, .44 100, .8 93 .8 -7 .0 10 .244 6, 0 204.84 
CI 20 .66 70, 14 75.73 0.2896 53341 .6 48 .2 64.77 98.65 0.000 114, ,64 98 .4 93, .8 -4 .6 8, .129 6, 0 184.36 
C2 21 .16 60, .16 56.09 0.2254 59082, .4 59, ,4 64.88 98.76 0.000 111, ,16 97, ,0 92. 8 -4,  .2 7, 288 6, .2 196.16 
C3 20, .38 67.86 64.19 0.2594 57886, .4 57. 6 64.91 96.64 0.000 109. 92 96, ,8 92, ,4 -4, .4 15, .605 7. 0 198.48 
C4 21. 20 59. 51 55,53 0.2653 50471, .2 46. 2 80.01 98.82 0.000 112.88 95. 8 92, ,2 -3, .6 10, .500 7. 0 203.80 
05 18. ,80 58. 64 56.46 0.2220 58364, .8 59, .8 54.49 99.17 0.000 114. 04 96, .6 93, .4 -3, .2 7. 410 7. 0 199.32 
BS13(SCT)C0 X BSI3(SCT)C5 22, .18 70. 79 65.23 0.2632 59560. 8 55, ,8 88.77 99.59 0.000 108, ,48 98, , 8  94, ,8 -4, ,0 5, ,213 6, ,8 194.16 
BSSS2(SCT)C0 X BSSS2(SCT)C5 20, ,00 70, .57 66.84 0.2541 61235. 2 58, ,2 63.86 97.20 0.000 113, 80 97, ,0 92, .8 -4, .2 9, ,275 7, ,4 202.56 
BS13(SCT)C0 X BSSS2(SCT)C0 21. 96 71, ,22 65.83 0.2977 53102. 4 50, ,0 67.90 99.04 0.444 112, ,92 99, ,8 94, .8 -5, ,0 • 4, 871 6, ,0 204.16 
BS13(SCT)C5 X BSSS2(SCT)C5 18. 30 81. 16 78.59 0.3044 59560, .8 60, .2 80.09 97.95 0.855 110, ,80 95, ,4 92, ,6 -2, ,8 5. ,236 8. 2 204.00 
BS13(SCT)C0 X BSSS2(SCT)C5 19, .56 72, ,30 68.76 0.2805 56929. 6 54. 0 67.11 97.88 0.444 113. 16 96. 6 92, 6 -4. 0 11. 940 7. 2 200.28 
BSSS2(SCTC0 X BS13(SCT)C5 21, .86 75. 88 70.18 0.2654 63388.0 57. 0 84.05 96.55 0.000 J13. 40 99. 0 94, ,2 -4, 8 6. 883 7. 2 204.84 
Kol7 X A634 16, ,76 65. 58 64.69 0.3875 37554. 4 32. 8 88.40 99.38 0.571 104. 24 94. 8 93, 4 -1. 4 9. 244 5. 0 210.68 
B73 X Mol 7 20, ,50 104. 39 98.22 0.3964. 58364. 8 56. 4 95.44 99.21 0.000 116. 48 95. 8 93. 8 -2. 0 5,045 7. 0 218.56 
L.S.D. (0.05) 2. 55 10. 59 10.56 0.0496 5775. 7 6.0 17.30 2.40 0.898 9. 98 2. 6 2. 1 2. 3 5, 621 0. 9 18.34 
X 20, 53 69. 32 65.21 0.2809 55171. 5 52. 1 75.88 98.58 0.212 111. 12 97. 6 93. 6 -4. 0 8, 001 6, 5 200.94 
Table A41. Analysis of variance tor agronomic traits at Ames, lA (notlll normal), 1980 
df MST GH GHM GPL FSC ESC NRI NSL DE EHT DISK DXSD PS PTIL SV PHT 
Reps i 4, 08 321 .90** 231 .15* 0.00971** 73609205, .0** 99, .94** 323, .96 4, .95 0 .3693 151, .83* 4.63 0.59 3 .47 64.960** 1.72** 1097.24** 
Entries 19 23, ,87** 437, .45** 359, ,34** 0.00744** 18142944. 0 37, ,95* 993. 50** 3, .10 1, .0732 151, .16** 18.03** 16.49** 5, .30** 15.065 0.70** 198.81** 
Error 76 3, .85 82, ,95 75, .00 0.00176 19501840. 0 19. 33 154. ,42 3, .28 0, .8134 49, 16 2.71 2.60 2, .36 16.433 0.29 83.82 
Table A42. Means for 20 entries at Ames, lA (notlll normal), 1980 
GH GHH FSC ESC SV 
HSr Hg/ha Hg/ha GPL plants/ plants/ NRL NSL EHT DISK DISD PS PTIL (1 to 9 PHT 
X xlO xIO lb/plant ha plot % Z DE cm days days days % scale) cm 
BS13(SCT)C0 26 .82 65 .26 56 .52 0.2459 58843.2 62 .2 70.05 98 .70 1.693 125 .44 89 .0 84.0 -5 .0 4 .078 6.2 209.80 
CI 25 .20 75 .88 67 .13 0.2844 58843.2 66 .0 76.19 98 .37 O.OOO 120 .36 85 .8 82.4 -3 .4 11 .449 6.8 210.68 
C2 25 .18 70 .35 62 .26 0.2693 57886.4 63 .2 92.27 97 .96 0.000 125 .36 86 .2 82.4 -3, .8 3, .797 6.4 214.00 
C3 25 .74 71 .54 62 .84 0.2643 59800.0 63, .6 85.03 99 .19 0.385 117 .88 85 .2 81.4 -3, .8 4, .791 6.6 208.04 
C4 23 .64 79 .38 62 .75 0.2638 58604.0 65, .4 92.90 97 .18 0.000 114 .00 84, .0 79.2 -4, .8 3.301 6.6 207.88 
05 23 .04 66, .12 60, .27 0.2502 58364.8 63 .6 94.44 97 .59 0.000 112 .52 85 .4 81.8 -3, .6 8 .608 6.8 207.12 
BSSS2(SCT)C0 24 .92 59 .73 53 .04 0.2231 59082.4 67 .2 79.68 98 .85 0.400 120 .84 88, .8 82.4 -6 .4 2. 822 6.2 212.52 
01 24, .70 72, .19 64, .34 0.2633 60517.6 66, .6 77.80 94, .12 0.816 117, .92 85, .2 82.0 -3, .2 8, .694 6.2 216.28 
C2 23, .22 62, .11 56, .46 0.2240 61235.2 67, .6 78.15 96, .46 0.000 118, .12 84, .8 81.8 -3, .0 7, .817 6.4 207.32 
C3 22, ,22 67, ,53 62, .10 0.2488 60278.4 64, .6 82.87 95, .37 0.000 116, .64 85, .4 80.8 -4, ,6 12, .889 6.0 211.28 
C4 22, ,62 58, ,43 53, ,58 0.2178 59082.4 65, ,4 74.74 96, ,55 0.000 119, .90 85, .4 79.6 -5, .8 14, .367 7.0 206.72 
C5 22. ,36 60, ,38 55, ,49 0.2291 58364.8 63. .4 79.06 97. ,51 0.408 121, .48 84. 0 79.2 -4, .8 11 .251 7.2 212.44 
BS13(SCT)C0 X BS13(SCT)C5 23. ,92 78, ,05 70. ,42 0.3121 56451.2 60. ,8 83.63 98, .62 0.588 122, .64 85, .6 82.4 -3, .2 5 .300 6.6 210.12 
BSSS2(SCT)C0 X BSSS2(SCT)CS 22. 20 71, .00 65. ,33 0.2568 60996.0 65. 6 75.36 97. ,26 0.000 124. 72 84, .4 80.2 -4. ,2 8. 805 7.6 214.12 
BS13(SCr)C0 X BSSS2(SCT)C0 24. ,58 57. ,43 60. 19 0.2549 58364.8 65. ,4 85.25 97. 97 0.408 127. 32 88, .4 82.8 -5. 6 7, ,357 6.4 213.92 
BS13(SCT)C5 X BSSS2(SCT)C5 23. ,90 71. ,76 64. ,56 0.2751 57647.2 62. 0 80.79 97. ,11 0.000 122. ,00 83. 6 81.0 -2, 6 8, 
8, 
,796 7.2 214.08 
BS13(SCT)C0 X BSSS2(SCT)C5 24. 16 69. ,16 62. ,03 0.2639 58125.6 61. ,6 77.51 96. 71 0.000 124. ,80 85, .6 81.4 -4. ,2 ,395 6.6 218.36 
BSSS2(SCT)C0 X BS13(SCT)C5 24. 78 86. 50 76. ,96 0.3198 59800.0 66. 2 87.80 99. 20 0.000 119. ,60 85. 2 80.8 -4, ,4 5. 313 7.2 217.84 
Mol7 X A634 18.94 94. ,96 91. ,07 0.3629 57886.4 55. 6 96.31 99. 21 0.000 110. ,80 80. ,2 77.0 -3. 2 5. ,717 7.0 213.20 
B73 X Hol7 21. 78 110. 68 102. 41 0.4291 56929.6 67. 2 96.64 98. 32 O.OOO 124. 12 82. 0 79.0 -3. ,0 2. 943 7.2 225.96 
L.S.D. (0.05) 2. ,05 10.56 9. 67 0.0454 4490.0 6. 8 10.54 2. 75 1.070 8, ,90 2. ,6 1.9 2. ,1 5. ,362 0.4 12.30 
X 23. 70 72. 42 65. ,49 0.2729 58855.2 64. 2 83.32 97. 61 0.235 120. 32 85. ,2 81.1 -4, 1 7. ,324 6.7 212.58 
Table A43. Analysis of variance for agronomic traits at Ames, lA (early), 1980 
df MST GH CKH GPL FSC ESC NRl NSL DE EHT DISK DISD PS PTIL SV PHT 
Reps 4 4.55 464.72** 421.32** 0.00534* 83772312.0** 69.19** 27.39 3.74 0.0714 900.44** 64.26** 21.80** 11.76** 12.45 4 .92** 1139.13** 
Entries 19 8.65** 556.37** 496.24** 0.01048** 183794140.0 263.90** 860.95** 5.07 0.3920 58.74 12.87** 4.80** 7.72** 37.53** 3. ,01** 265.68 
Error 76 4.08 70.05 69.69 0.00154 20849066.1 22.78 187.15 3.59 0.5035 62.22 4.35 2.73 3.28 19.75 0. 49 210.30 
Table A44, Means for 20 entries at Ames, lA (early), 1980 
GH GUM FSC BSC 
MST Mg/ha Mg/ha CPI. plants/ plants/ NRL NSL 
















OS13(SOT)CO 26.74 67 .64 58 .59 0.4037 37076.0 32 .2 83 .77 99.41 0.000 99 .84 106.4 102 .0 -4 .4 15.661 4 .4 192 .88 
CI 23.14 72.85 66 .15 0.3952 41142.4 34 .6 79 .37 99.01 0.000 100 .16 103.0 100 .8 -2 .2 13.844 4 .6 199 .48 
02 23.78 70 .14 63 .38 0.3913 39468.0 36 .4 83 .53 98.75 0.000 101 .56 103.2 99 .2 -4 .0 10.870 5 .0 202 .36 
C3 23.94 84 .88 76 .34 0.4245 44491.2 42 .0 79 .19 96.44 0.000 102 .12 101.6 98 .0 -3 .6 18.541 5 .0 204 .76 
C4 21.10 75 .01 70 .05 0.3479 47600.8 48 .0 93 .95 97.62 0.000 98 .08 100.4 96 .4 -4.0 17.673 5 .2 196.68 
C5 23.46 73.06 66. ,17 0.3503 46883.2 45 .2 97 .14 97.88 0.645 90 .04 104.0 98 .0 -6 .0 15.532 5 .0 188 .44 
BSSS2(SCT)C0 23.36 79 ,24 71 .85 0.4222 41620.8 36 .4 85. 19 98.25 0.000 94. 48 105.4 99. 0 -6. 4 25.031 5 .2 196 ,40 
CI 22.20 70, .57 65.05 0.4037 39228.8 35 .0 60. 91 96.58 0.769 98. ,44 102.6 98, .4 -4, ,2 28.144 5 .0 203. ,92 
C2 22.12 72, .41 66. 61 0.3118 51188.8 46. 0 71. 97 97.18 0.465 97. 94 101.8 99. 0 -2, ,8 21.204 4. 6 196. ,04 
C3 21.38 81. 73 76. 05 0.3556 50949.6 46. 2 73. 79 96.74 0.941 99. ,32 99.4 94. 2 -5. ,2 23.224 5 ,6 199. 36 
C4 20.84 72, .30 67. 82 0.3493 46644.0 44. 4 72. 06 97.23 0.571 103. 12 99.4 93. 2 -6. ,2 30.904 5 ,a 201. 84 
C5 20.44 68. 29 64. 37 0.3048 49992.8 48. ,2 61. 66 97.63 0.000 107. 44 99.4 96. 6 -2, ,8 25.118 5 ,4 209. 32 
BS13(SCT)C0 X BS13{SCT)C5 22.68 76, .10 69. ,50 0.4104 40903.2 39. 0 87. ,35 99.33 0.000 99. 00 100.8 96. 6 -4, .2 8.714 5. 2 199. 44 
BSSS2(SCT)C0 X BSSS2(SCT)C5 22.84 84. 01 76. 78 0.3556 52384.8 53. 2 67. 36 98.74 0.526 111. 92 102.0 97. 2 -4, .8 17.877 5. 2 208. 84 
BS13<SCT)C0 X BSSS2(SCT)C0 24.28 84. 01 75. 25 0,4363 42816.8 39, .2 75. 91 96.18 0.000 101. 12 103.8 97. 6 -6. ,2 18.848 5. 2 204. 24 
BS13(SCT)C5 X BSSS2(SCT)C5 21.74 83. 03 76. 93 0.3462 54059.2 53. 6 78. 52 98.66 0.000 102. 20 100.4 96. 0 -4. 4 14.833 6. 2 201. 86 
BS13(SCT)C0 X BSSS2(SCT)C5 22.70 80. 11 73. 32 0.3752 47361.6 43. 2 60. 35 97.54 0.000 111. 96 102.8 98. 0 -4. 8 15.957 5, .2 212. 08 
BSSS2(SCT)C0 X BS13(SCT)C5 21.50 86. 50 80. 43 0.3983 48796.8 45. 8 82. 63 98.18 0.000 107. 32 101.8 97. 0 -4. ,8 15.616 5, .0 215. 72 
Mol7 X A634 17.50 71. 65 69. 85 0.5168 30856.8 29. 0 94. 31 99.29 0.000 94. 36 97.4 95. 2 -2. 2 13.673 4, 8 207. 16 
B73 X Hol7 21.16 106. 02 98. 91 0.4758 49753.6 46. 8 97. 25 99.56 0.465 107. 68 100.8 97. 8 -3.0 11.614 5. 2 215. 36 
L.S.D. (0.05) 2.12 12. 74 11. 76 0.0626 6695.0 7. 1 15. 64 2.85 0.986 10. 89 3.17 3. 7 2. 4 11.44 0. 8 12. 21 
X 22.35 77. 98 71. 67 0.3887 45160.9 42. 2 79. 31 98.01 0.219 101. 41 101.8 97. 5 -4. 3 18.144 5. 2 202. 81 
fo 
Table A45. Analysis of variance for agronomic traits at Ames, lA (normal), 1980 
df HST CH GHH GFL FSC ESC NRl NSL DE EHT DISK DISD PS FTIL SV PHT 
Reps 4 0. 49 64. 68 46. 12 0. 00160 3769146.0 33.19 190, ,47* 17. 74** 0.0918 213. 98** 4. ,14 3. ,52 3, ,19 47, 55* 0, ,64 572, 60** 
Entries 19 IS. 13** 786, .53** 747, ,48** 0. 01288** 8175203.6 40.12 305. 65** 8. 85* 0.8993 101. 71* 21. 29** 13, ,61** 5. 42* 57, ,38** 0. ,94* 109. 53 
Error 76 2. 62 69. 71 58. 48 0. ,00129 12600082.8 29.09 69. ,48 4, ,73 0.7159 49, ,52 4, ,12 2. 19 2. 63 17. 97 0, 45 94, .63 
Table A46. Means for 20 entries at Ames, lA (normal), 1980 
CH GHH FSC ESC SV 
HST Mg/ha Mg/ha GPL plants/ plants/ NRL NSL EHT DTSK DTSD PS PTIL (1 to 9 PHT 
% xlO xlO lb/plant ha plot t Z DE cm days days days % scale) cm 
BS13(SCT)C0 29 .12 74.58 62 .62 0 .3042 54298.4 58.4 66 .21 98 .69 0.426 97 .56 91 .4 88 .8 -2 .6 7.837 5 ,2 193 .00 
CI 26 .68 70.03 60.81 0.2769 55972.8 60.0 64 .76 99, 18 0.853 97 .80 90 .6 86 .2 -4 .4 8.219 5, 2 194 .20 
C2 25 .62 72.30 63 .60 0 .3011 53820.0 62.8 86 .85 98 .77 0.860 95 .12 87 .8 84 .0 -3 .8 4.620 6, 0 195 .60 
C3 26 .66 75.44 65 .45 0 .3163 52863.0 60.8 88, 52 98, ,19 0.000 90 .00 89 .8 84 .8 -5 .0 10.578 6, .0 188 .32 
C4 24 .74 70.35 62 .71 0 .2632 58843.2 59.8 82 .33 97, ,94 0.000 87 .48 87 .4 82 .8 -4 .6 6.859 5. 6 180 .24 
C5 25, .22 64.72 57, ,25 0, ,2393 59560.8 63.8 92, ,85 99. ,18 0.000 88 .32 89 ,4 83, ,6 -5, 8 4.476 6. ,2 184 .72 
BSSS2(SCT)C0 25, .76 67.21 59. 03 0, ,2734 54537.6 62.8 76, .44 97.87 0.488 102, 48 91, ,8 84, ,8 -7, 0 6.058 5. ,8 195, .04 
CI 25, .46 72.09 63. 54 0, ,2765 57647.2 62.8 69.58 96, ,69 0.817 93, ,36 90 ,6 84 ,4 -6c ,2 5.472 5. ,6 193, 28 
C2 24. ,82 62.01 55. 27 0. 2465 55927.8 62.2 64. 19 96. 78 1.372 87, ,00 89.0 84. 0 -5, ,0 4.996 5. 8 188. 92 
C3 24, .58 70.03 62. 63 0, ,2696 57048.0 63.0 80. 16 98.82 0.000 99, ,08 88, ,2 83, .2 -5, ,0 5.487 5. ,8 196. 08 
C4 23. ,88 70.35 63. 42 0. 2736 57168.8 58.4 57. 66 99. 19 0.808 95. 28 89, ,4 84, .0 -5. 4 7.475 5. 8 191. ,36 
C5 24, 02 65.15 58. ,67 0. 2482 58604.0 65.8 54. 41 97. 99 0.000 92, .20 86, ,8 82, ,4 -4. 4 5.758 6. ,2 187. 72 
BS13(SCT)C0 X BS13(SCT)C5 26. 40 70.68 61. 58 0. 2740 57647.2 61.0 83. ,83 99. ,21 0.000 99. 96 90. 6 85. 2 -5. 4 6.632 6. 0 196. ,84 
BSSS2(SCT)C0 X BSSS2(SCT)C5 24. 28 74.47 66. ,76 0. ,2917 56451.2 65.2 68. 55 97. 85 0.000 101. 28 88. ,8 83. ,2 -5, ,6 4.292 6. 4 200, ,16 
BS13(SCT)C0 X BSSS2(SCT)C0 26. 74 72.52 63. ,06 0. 2988 55016.0 60.4 63, ,10 97. 69 0.000 101. 16 92. 2 87. 4 -4. 8 7.681 5. 6 199, ,32 
BS13(SCT)C5 X BSSS2(SCT)C5 24. ,48 75.88 67, ,78 0. ,3012 55972.8 63.2 86, ,58 98. 72 0.465 98. ,28 88. ,4 82, ,4 -6. ,0 4.464 6. 4 195. 68 
BS13(SCT)C0 X BSSS2(SCT)C5 23, .76 82.60 74. 57 0.3303 55972.8 62.0 49, ,93 99. ,19 0.408 101. 96 89. 2 83, ,2 -6. 0 5.543 6. 2 198, ,76 
BSSS2(SCT)C0 X BSI3(SCT)CS 22. 94 85.09 77. 41 0. 3373 55733.6 64.0 75. 20 98. 25 0.000 98, ,96 89, 2 83. 6 -5. 6 9.528 6. 0 197. 88 
Hoi 7 X A634 16, ,08 60.00 77. 60 0. 3347 52863.2 55.0 95. 76 99. 12 0.870 86. ,12 84, ,2 80. ,8 -3.4 5.589 6. 2 188.88 
B73 X Mol 7 27. 24 105.47 90.97 0. 4034 57747.2 66.4 98. 33 99. 18 1.250 101. ,48 87. 2 82. ,8 -4. 4 5.453 6. 6 209. 04 
L.S.D. (0.05) 2, .48 11.52 10.95 0.0531 5586.0 5.6 15. 72 2. 29 1.141 8. 87 2, 1 2. 0 1, 9 5.128 0. 7 11. 58 
X 25. 02 74.05 65. 74 0. 2930 56200.0 61.9 75. 26 98. 42 0.431 95. 74 89, 1 84. ,1 -5, ,0 6.352 5. 9 193. 75 
Table A47. Analyeia of variance for agronomic traits at Ankeny, IA« 1980 
df MST GU GHM GPL FSC NRI NSL DE EHT DISK DTSD PS PTIL SV PHT 
Reps 4 0. 91 545, .43** 492. 95** 0.01084** 24832021, ,0* 103. 08 3. 77 0, ,1540 138. 73* 13, .67 3, .64 18. 26* 11. 96 2. 64* 786.26** 
Entries 19 9. ,17** 343. 43** 374. 19** 0.00596** U487745. 0 216. 55** 5. 76* 0. 1065 94. 80* 26. i5* 15. ,64** 7. ,76 43. 15* 2. 76** 281.60** 
Error 75 0. 66 144. ,81 133. ,58 0.00215 7975698. 5 72, .67 3. ,13 0. ,1172 52. 49 15. 42 6. ,38 9. 10 24. 93 0. 82 76.97 

































BS13(SCT)C0 19.40 46 .50 44 .32 0.1724 59321.6 89 .38 99.60 0.000 108 .60 87 .4 83.4 -4.0 8.061 3.8 188.80 
CI 19.32 53 .98 51 ,55 0.2047 58604.0 96 .81 100.00 0.417 109 .60 86.2 79.4 -6.8 10.278 3.8 192.60 
C2 19.38 53 .22 50 .84 0.2063 57408.0 90 .83 95.48 0.000 119, .80 86 .2 79.0 -7.2 7.481 3.2 203.60 
C3 19.48 55 .72 53.02 0.2066 59800.0 96 .73 98.83 0.000 109, 00 86 .2 80.4 -5.8 7.182 4.0 194.40 
C4 19.40 43 .58 41 .54 0.1608 60039.2 95 .65 99.22 0.000 116 .60 86 .0 79.6 -6.4 6.388 2.8 198.00 
C5 20.94 46. ,24 45 .10 0.1814 58604.0 95 .78 99.21 0.377 109. 20 84. 2 78.2 -6.0 2.858 2.6 196.60 
BSSS2(SCT)C0 19.20 51, .92 49 .64 0.1931 59560.8 97, .14 99.11 0.000 115, .80 87 .2 81.2 -6.0 7.008 4.2 197.00 
CI 18.74 52. 25 50 .24 0.1895 61235.2 87, .67 98.54 0.000 109. 60 85, .0 79.0 -6.0 6.993 3.6 195.60 
C2 18.28 45. 53 43, .99 0.1653 60996.0 93.01 99.19 0.000 105. 60 64. ,8 78.4 -6.4 10.494 4.0 188.60 
C3 17.80 59, 19 57, 59 0.2306 56690.4 95. 32 98.74 0.000 109. 40 83. ,4 77.8 -5.6 14.007 5.0 191.40 
C4 18.36 45. 53 43, .99 0.1666 60278.4 86, .40 98.39 0.000 109. 60 84. 2 78.8 -5.4 10.707 3.8 198.80 
C5 17.26 49, .32 48, .32 0.1826 59800.0 80, ,26 99.20 0.000 108. 00 82. 6 77.2 -5.4 7.541 3.8 194.20 
BS13(SCT)C0 X BS13(SCT)C5 19.78 48, ,46 46. 03 0.1800 59560.8 84. 47 98.42 0.400 114, .60 83. 8 78.4 -5.4 3.612 3.2 199.40 
BSSS2(SCT)C0 X BSSS2(SCr)C5 18.22 53, .22 51, .52 0.2084 56451.2 74. 95 100.00 0.000 118, ,00 82. 4 76.6 -5.8 11.888 4.2 200.60 
ES13(SCT)C0 X BSSS2(SCT)C0 18.92 60. 27 57, .88 0.2310 57647.2 87, .66 99.57 0.000 117, .80 87. 2 80.8 -6.4 8.912 4.6 206.80 
BS13(SCT)C5 X BSSS2<SCT)C5 18.22 57. ,02 55, .13 0.2117 59321.6 94, ,67 96.83 0.000 113. ,00 80, ,2 76.6 -3.6 8.139 3.2 199.40 
BS13(SCT)C0 X BSSS2{SCT)C5 18.40 52, ,79 50, .95 0.1877 62192.0 79, .28 98.41 0.000 117, ,52 84, ,2 78.4 -5.8 9.609 3.4 200.68 
BSSS2(SCT)C0 X BS13(SCT)C5 19.14 62, ,76 60. 08 0.2400 57886.4 90, .31 98.73 0.000 111. ,80 83, ,0 79.8 -3.2 7.870 4.0 204.80 
Hol7 X A634 14.40 70. 24 71, ,09 0.2666 58125.6 95. ,51 100.00 0.000 105. 60 78. ,4 76.0 -2.4 3.701 3.8 213.00 
B73 X Mol7 16.74 75. ,99 74, .65 0.2935 57886.4 96, ,05 99.20 0.000 115. ,00 82. ,0 77.4 -4.6 3.372 1.6 218.40 
L.S.D. (0.05) 1.02 15, ,22 14, .62 0.0587 3572.3 10, .8 2.24 0.433 9, ,16 4. 97 3.2 3.8 6.316 1.1 11.10 
X 18.60 54. 29 52, ,37 0.2039 59070.4 90. ,40 98.83 0.060 112. 22 84. 23 78.8 -5.4 7.805 3.6 199.13 
Table A49$ Analysis of variance for agronomic traits at Hartlnsburg» IA» 1960 
at MSI CH GHM GPL FSC ESC NRL NSL DE PIIL 
Reps 4 2.52 48.54 . 45.89 0.00109 31218827.0 6.42 104.68* 15.69 0.3385 20.90* 
Entries 19 7.31** 518.59** 478.99** 0.00853** 7137022.6 18.43 180.72** 17.67 0.6635 11.96 
Error 76 1.78 51.91 47.03 0.00079 11215590.7 12.54 39.00 17.09 0.4068 8.03 






















BS13(SCT)C0 19.3 33.06 31.53 0.1225 59560.8 65,4 89.18 91.55 0,000 2.016 
CI 18.3 47.91 46.39 0.1819 58125.6 69.0 93.91 93.84 0,435 2.964 
02 19.0 46.50 44.57 0,1706 60039.2 68.8 88.95 94.31 0.400 2.857 
C3 16.6 44.12 42.32 0.1627 59560.8 68.4 94.32 93.21 0.000 1.650 
C4 18.9 48.89 46.87 0,1773 61235.2 69.0 92.22 94.25 0.345 1.435 
C5 18.8 42.38 40.74 0,1588 59082,4 68.2 96.28 93.27 0.000 2.665 
BSSS2<SCT)C0 17.4 40,54 39,65 0,1509 59321,6 65.6 85.25 94.25 0.000 4.119 
CI 19.1 44,34 42.43 0,1677 58364.8 64.0 80.41 94.67 0.000 4.987 
C2 17.8 46.72 45,45 0,1723 59800.0 68.0 91.41 96.06 0.000 5.191 
C3 17.2 51,38 50,32 0,1861 60996.0 67.6 87.57 93.37 0.000 4.319 
04 17.6 48,89 47.56 0,1811 59800.0 68.2 82,53 93.96 0,000 6.401 
C5 16.3 42.06 41.69 0.1546 60517.6 66.8 85.09 94,24 0,351 5.458 
BS13(SCT)C0 X BS13(SCT)C5 19,8 52.14 49.48 0.1935 59560.8 68.8 92,82 89,58 0,000 1.633 
BSSS2(SCT)C0 X BSSS2(SCT)C5 17.0 52.36 51.42 0.1923 60756.8 69.0 78.38 95.17 1,128 4.127 
BS13(SCr)C0 X BSSS2(SCT)C0 18.1 46.50 45.11 0,1736 58604.0 69.8 87.61 93.50 0,000 3.710 
BS13(SCT)C5 X BSSS2(SCT)CS 19.3 56.69 54.14 0.2111 59321,6 67.8 91.46 93.98 0,000 4.067 
BS13(SCT)C0 X BSSS2(SCT)C5 17.1 48.35 47.42 0.1807 59321.6 68.4 79.87 93.58 1,179 4.593 
BSSS2(SCT)C0 X BS13(SCT)C5 19.1 51.92 49.67 0.1975 58843,2 69.6 94.44 93.26 0.000 2.545 
Hol7 X A634 15.8 71.00 70.81 0.2746 57168,8 63.0 98,30 99.59 0.000 3.822 
B73 X Mol7 20.5 79.35 74.70 0.3092 56451,2 65.0 98.30 95.17 0.417 0.435 
L.S.D. (0.05) 1.68 9.11 8.67 0.0356 4236,1 4.5 7.90 5.23 0.807 3.584 
X 18.24 49.76 48.11 0.1860 59321,6 67.5 89.41 94,05 0.213 3.45 
Table A51. Analyals of variance for agronomic traits at Washington, lA (early), 1980 
DF HST GH GUK GFL FSC ESC KRL NSL DE DISK SV 
Reps 4 6.95* 86, ,96 67, ,49 0.00209 28057607 .0 3. ,67 1108 ,76** 30, .25 5.42* 3 ,20* 3 .52 
Entries 19 23.44"»* 500, ,39** 449, ,52** 0.00824** 40726201 .0** 27. ,79* 494, ,64** 70. ,18** 3.96* 5. 72** 3 .80** 
Error 76 2.24 80. 10 63. ,31 0.00125 16561582. 3 14. ,35 191, ,87 26. 90 1.96 1. ,15 1, 62 
Table A52. Means for 20 entries at Washington, lA (early), 1980 
GH GHH ESC SV 
HST Mg/ha Mg/ha GPL FSC plants/ NRL NSL DTSK (1 to ! 
X xlO xlO lb/plant plants/ha plot % X DE days scale] 
BS13(SCT)C0 29 .65 78 .85 65.61 0.2886 60256.9 66 .6 30.69 91.24 0.000 86.4 3.6 
CI 26 .20 74.37 64.88 0.2720 60256.9 65 .2 35.82 95.80 1.595 85.4 4.0 
C2 24 .98 68 .93 61.19 0.2493 61031.9 66 .6 21.45 89.80 0.625 85.8 3.8 
C3 27 .30 71 .21 61.19 0.2596 60644.4 65 .2 26.36 82.72 1.285 86.0 3.8 
C4 25 .20 68.31 60.44 0,2485 61031.9 65 .8 19.90 87.65 1.593 85.0 3.6 
C5 26.40 69 .54 60.51 0.2528 60838.1 65 ,2 23.14 85.04 1.629 85.6 3.4 
BSSS2(SCT)C0 26 .82 74, .55 64.60 0.2662 61806.9 64 .4 22.17 87.78 2.184 86.2 4.4 
CI 26, .62 69. 72 60.58 0.2469 62388.1 66 .8 13.55 85.66 0.914 85.0 3.8 
C2 24 .90 20. 16 62.31 0.2424 63938.2 65 .6 14.19 89.34 0.598 85.0 4.8 
€3 23, .90 64. 01 57.62 0.2455 57738.1 60, ,2 19,31 81.21 1.296 84.4 3.8 
C4 24, 80 64. 71 57.69 0.2369 60450.6 64, .6 11,66 87.67 0.641 84,8 4.0 
C5 23, ,48 62. 87 56.99 0.2205 62969.4 66. ,0 9.89 92.93 1.558 83,4 5.2 
BS13(SCT)C0 X BS13(SCT)C5 27, ,16 84. ,29 72.67 0.3075 60644.4 65. ,8 18.36 87.45 1.006 85.2 4.2 
BSSS2(SCr)C0 X BSSS2(SCT)C5 24. 38 76. ,21 68.25 0.2841 59869.4 63, ,2 9.55 90.60 0.385 83.8 6.0 
BS13(SCT)C0 X BSSS2(SCT)C0 24. 80 72. ,00 64.11 0.2689 59094.4 62. .2 22.33 87.75 3.011 86.0 4.2 
BS13(SCr)C5 X BSSS2(SCT)C5 22. 98 76. ,48 69.76 0.2861 59675.6 66. ,0 13.82 88.16 3.070 83.0 5.8 
BS13(SCT)C0 X BSSS2(SCT)C5 24. 84 78. 15 69.53 0.2926 58900.6 64. ,3 13.14 91.39 1.990 84.0 4.4 
BSSS2(SCT)C0 X BS13(SCT)CS 27. 10 79. 99 68.94 0.2994 58900.6 64. 6 39.06 83.99 1,323 85.0 6,0 
Mol 7 X A634 19. 42 77.97 74.35 0.3296 52506.8 57. ,4 44.83 94.05 1,173 82.6 3.2 
B73 X Hol7 22. ,64 109. 58 100.29 0.4040 59869.4 66. 8 30.31 91.66 3.221 85.4 5.4 
L.S.D. (0.05) 1. 89 11. 32 10.06 0.0447 5147.7 4. 8 17.52 6.56 1.771 1.4 1.6 
X 25. 18 74. 59 66.07 0.2751 ,59940.6 64. 6 21.98 88.59 1.454 84.9 4.4 
Table A33* Analysis of variance for agronomic traits at Washington, XA (normal), 1980 
df HST GU GUM GPL FSC ESC HRI NSL DE DISK SV 
Reps 4 0.93 690.12** 663.59** 0.00659** 55736157.0** 16 .92 50,03 238 ,42** 5 .24 1.82 18.63** 
Entries 19 8.99** 360.40** 354.74** 0.00455** 16932361.0 24 .60** 41 .98 285 .76** 6 .04 5.12** 3.62** 
Error 76 1.18 100.49 96.34 0.00153 14351966.0 8. 08 27. 60 49, .01 4 ,19 1.57 1.18 
Table A54. Means for 20 entries at Washington, lA (normal), 1980 
CH GHM ESC SV 
HST Hg/ha Hg/ha GPL FSC plants/ NRL NSL DTSK (1 to 9 
X xlO xlO lb/plant plants/ha plot X X DE days scale) 
BS13(SCT)C0 20.00 57.78 54.66 0.2222 57544.3 67.6 5.14 80.04 2.680 78 .6 4.2 
CI 20.34 61.64 58.28 0.2338 57738.1 69.2 3.67 76.94 0.678 78 .6 4.8 
C2 20.54 63.57 59.70 0.2464 56769.3 67.4 2.08 76.84 0.351 77 .6 5.0 
C3 20.42 67.87 64.03 0.2659 56575.6 69.0 1.70 60,53 0.668 78 .2 5.4 
C4 19.82 64.54 61.31 0.2435 58319.4 70.0 8.53 69.43 1.345 77 .2 4.8 
C5 20.52 59.18 55.69 0.2313 56769.3 69.4 3.84 60.42 0.995 77 .6 5.2 
BSSS2(SCr)C0 20.62 54.53 51.27 0.2236 54250.6 70.2 4.07 67.18 3.863 79 .0 4.2 
CI 19.70 65.94 62.73 0.2619 55800.6 65.2 3.41 68.55 2.036 77 .6 3.8 
C2 18.86 59.71 57.30 0.2244 58706.9 71.8 3.30 64.74 1.896 77 .0 4.2 
C3 19.06 63.31 60.62 0.2405 58125.6 70.6 5.17 66.06 1.035 75. 4 4.4 
C4 18.80 61.11 58.72 0.2298 58706.9 67.6 2.99 73.64 1,987 76, .4 5.0 
C5 17.88 58.30 56.68 0.2184 59094.4 68.4 1.30 71.55 1.320 75. 8 4.8 
BS13(SCT)C0 X BS13(SCT)C5 21.28 80.87 75.37 0.3059 58319.4 67.6 4.36 71.65 1.048 77. 2 5.4 
BSSS2(SCT)C0 X BSSS2(SCT)C5 19.04 66.03 63.25 0.2510 58125.6 67.6 1.66 71.76 1.629 77. ,2 6.0 
BS13(SCT)C0 X BSSS2(SCT)C0 19.92 64.54 61.22 0.2473 57544.3 68.6 6.02 78.36 0.990 78. 6 5.2 
BS13(SCT)C5 X BSSS2(SCT)C5 19.08 69.98 67.05 0.2640 58513.1 69.2 1.40 69.15 0.957 76. 6 6.8 
BS13(SCT)C0 X BSSS2(SCT)C5 18.92 72.70 69.81 0.2708 59288.1 67.2 0.63 73.63 0.670 77. ,4 5.6 
BSSS2(SCT)C0 X BS13(SCT)C3 20.20 62.87 59.41 0.2462 56188.1 70.4 9.67 71.03 1.001 77. 2 5.6 
Mol 7 X A634 15,20 69.98 70.17 0.2824 54444.1 61.4 11.45 88.86 3.673 75. 6 5,4 
B73 X Mol7 18.00 91.58 88.91 0.3388 59481.9 69.0 2.27 87.55 4.539 76. 8 7.2 
L.S.D. (0.05) 1.37 12.68 12.42 0.0495 4792.0 3.6 6.65 8.86 2.589 1. 6 1,4 
X 19.4 65.80 62.81 0.2524 57515.3 68.4 4.13 73.40 1.668 77. 3 5.1 
Table A55. Analysis of variance for agronomic traits at Scott's Bluff, NE (early), 1980 
df MSI GH GlIM GPL FSC ESC EHT DISK SV 
Reps 4 16.52* 148.95 134 .15 0.00687 13982316.0 75 .04 5. ,11** 47 ,88** 25.94** 
Entries 19 14.81** 919.32** 791 .92** 0.02274** 70041447.0 102 .32** 1. ,20 16.49** 3.65** 
Error 76 5.04 159.35 124 .75 0.00745 53363927.4 39 .51 1, 14 5, ,04 1.62 
Table AS6. Means for 20 entries at Scott's Bluff, NE (early), 1980 
GH GHH ESC SV 
MSr Hg/ha Mg/ha GPL FSC plants/ EHT DISK (1 to 9 
% xlO xlO lb/plant plants/ha plot CD days scale) 
BS13(SCT)C0 27.82 67.12 57.11 0.4213 34875.4 28.6 109.20 111 .5 3.8 
CI 26.08 74.83 65.66 0.4135 40042.1 38.6 109.60 108 .2 5.2 
C2 24.86 - 83.02 73.87 0.5472 33583.7 31.4 109.4 107 .4 4.2 
C3 27.64 85.66 73.39 0.5485 36382.3 31.6 115.0 109 .0 3.4 
C4 24.20 85.46 76.71 0.4582 42625.4 40.8 115.8 105 .4 5.6 
C5 26.16 79.80 69.89 0.4453 39396.2 41.2 102.8 106 .8 4.4 
BSSS2(SCT)C0 23.50 83.61 75.67 0.5303 34875.4 35.0 111.6 107 .6 5.0 
CI 25.56 76.10 67.09 0.4264 40472.6 34.6 107.6 109 .4 4.4 
C2 23.76 77.27 69.75 0.4213 40903.2 42.6 106.8 107 ,2 4.6 
C3 22.26 89.07 81.96 0.4828 41118.5 35.8 104.8 105 .0 5.8 
C4 24.32 80.68 72.27 0.4831 37458.7 37.6 104.8 108. ,6 4.2 
C5 23.72 80.00 72.10 0.4581 38965.7 42.8 105.2 105, .4 5.0 
BS13(SCT)C0 X BS13(SCT)C5 26.30 96.00 83.67 0.5090 41549.0 38.0 110.2 109. .6 4.0 
BSSS2(SCT)C0 X BSSS2(SCT)C5 24.30 85.76 76.86 0.5042 37889.3 40.4 102.6 108, .2 4.4 
BS13(SCT)C0 X BSSS2(SCT)C0 26.44 92.29 80.18 0.5149 39826.8 37.6 120.0 109. ,2 3.8 
BS13(SCT)C5 X BSSS2(SCT)C5 23.40 93.66 84.86 0.5152 41549.0 39.4 104.8 106. 2 5.8 
BS13(SCT)C0 X BSSS2(SCT)CS 24.36 91.41 81.67 0.5433 37889.3 40.8 113.4 107. ,8 4.6 
BSSS2{SCT)C0 X BS13(SCT)C5 24.46 94.54 84.43 0.4870 43056.0 42.2 107.2 107. 0 5.8 
MoI7 X A634 20.84 81.85 76.65 0.5925 31430.9 28.6 109.6 103. ,4 3.8 
B73 X HoI7 23.60 140.73 126.93 0.7163 44347.7 41.4 117.4 107. ,4 6.6 
L.S.D. (0.05) 2.84 15.97 14.13 0.1092 9240.3 8.0 1.4 2. 8 1.6 
X 24.69 86.40 77.04 0.4988 38911.9 37.5 109.4 107. 5 4.7 
Table AS7. Analysis of variance for agronomic traits at Scott's Bluff» MB (normal), 1980 
df MST CU GHM GPL FSC ESC NSL EUT DTSK SV 
Reps 4 3.14 6267.24** 4533.00** 0.16451** 155257350.0* 113.08* 1.29 11.87** 2.39 3.38 
Entries 19 25.72** 481.73** 415.30** 0.01188* 24882462.0 31.26 2.16 1.59 11.44** 1.51 
Error 76 7.64 154.70 118.88 0.00679 48292349.9 34.82 2.46 1.26 4.99 1.48 
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BS13(SCT)C0 30.36 92 .39 76.64 0.4220 49083.8 48.6 100.00 130.0 96.0 5.6 
CI 30.18 101 .76 84.21 0.4620 49299.1 53.0 98.10 118.6 95.4 6.8 
C2 27.86 105 .27 89.97 0.4418 52743.6 57.8 98.80 123.8 93.0 7.0 
C3 28.72 114 .24 95.18 0.5244 48868.6 53.0 100.00 127.0 93.8 6.8 
C4 27.28 107 .22 92.34 0.4707 50375.5 53.2 100.00 129.2 92.6 6.6 
C5 28.76 100 .49 84.56 0.4476 52743.6 51.6 lOO.OO 118.2 95.2 5.4 
BSSS2(SCT)C0 29.04 104, .29 87.35 0.4963 48222.7 51.6 100.00 128.8 96.6 6.2 
CI 29.06 86, .83 73.20 0.3842 50160.2 54.2 100.00 117.6 94.6 6.4 
C2 25.70 92. 00 80.80 0.4167 48653.3 56.2 100.00 114.6 95.2 6.4 
C3 24.26 95, .02 85.33 0.4718 44933.5 55.4 100.00 122.0 92.2 5.4 
C4 26.30 92, .29 80.05 0.4343 47792.2 52,0 97.87 120.4 93.4 6.0 
C5 24.06 93, .46 84.09 0.4326 48007.4 55.2 100.00 114.6 92.4 6.0 
BS13(SCT)C0 X BS13(SCT)C5 28.58 107. 02 90.63 0.4793 50160.2 55.8 100.00 128.0 94.8 6.2 
BSSS2(SCT)C0 X BSSS2(SCT)C5 26.84 102. ,24 88.52 0.4635 49729.7 52.0 100.00 126.2 93.8 6.0 
BS13(SCT)C0 X BSSS2(SCT)C0 25.96 92, ,10 80.71 0.4021 50590.8 53.2 100.00 124.0 95.6 5.4 
BS13{SCT)C5 X BSSS2(SCT)C5 25.84 106. ,05 93.09 0.4867 48222.7 52.6 100.00 134.6 93.0 5.6 
BS13(SCT)C0 X BSSS2(SCT)C5 29.28 96. ,39 81.17 0.4138 51451.9 54.4 100.00 130.2 93.8 6.0 
BSSS2(SCT)C0 X BS13(SCT)C5 27.00 99, ,61 86.15 0.4358 52528.3 51.0 100.00 118.0 94.4 6.6 
Hol7 X A634 21.68 103.71 96.31 0.4967 46500.5 47.4 lOO.OO 122.0 90.4 5.4 
B73 X Mol 7 24.90 130. 83 116.20 0.6013 48653.3 54.8 100.00 125.6 93.0 5.2 
L.S.D. (0.05) 3.50 15. 73 13.79 0.1042 8790.2 7.46 1.98 1.42 2.83 1.5 
X 27.08 101. 16 87.32 0.4592 49439.1 53.2 99.74 12.4 94.0 6.1 
Table A59. Analysis of variance for agronomic traits at St. Joseph* MO» 1980 
df HST GH GBH GPL FSC KRL NSL DE BHT PHI 
Reps 4 0.34 180.42 160.20 0.00171 11064267.0 6.53 22.50 0.239 396.35** 186.52* 
Entries 19 13.25** 975.61** 847.10** 0.01135** 24286204.0 26.82** 157.64** 0.597 159.81* 122.03* 
Error 76 3.29 90.75 84.43 0.00135 22846378.5 10.18 44.19 0.870 86.41 57.86 
Table A60. Means for 20 entries at St. Joseph, MO, 1900 
HST GH GHH GPL FSC NRL NSL EHT PHT 
% Mg/ha Mg/ha lb/plant plants/ha X X DE cm 
BS13(SCT)C0 20 .64 50.43 47.32 0 .1839 60067.9 97.99 82.04 0.000 122 .94 225.55 
CI 20 .42 44.84 42.20 0 .1581 62947.9 96.22 84.86 0.635 128.52 222.50 
C2 19 .56 51.46 49.15 0, .1911 59450.8 93.76 84.78 1.002 123 .95 234.70 
C3 21 .10 48.94 45.70 0 .1790 60273.6 97.64 88.82 0.000 128.52 232.66 
C4 20 .96 42.14 39.42 0, 1558 59656.5 98.63 87.14 1.018 128 .02 230.12 
C5 21 .32 44.28 41.22 0, .1601 61507.9 98.31 88.79 0.647 118 .36 226.06 
BSSS2(SCT)C0 19 ,76 41.02 38.95 0. ,1500 60685.0 97.59 84.63 0.979 134, .11 238.76 
CI 19, .36 40.27 38.43 0. ,1569 57393.6 92.44 79.13 0.000 121, .92 233.68 
C2 18 ,80 45.96 44.10 0. ,1652 61507.9 94.37 70.98 0.323 128. 02 229.11 
C3 20. ,54 41.67 39.09 0. ,1581 58010.8 99.31 73.78 0.351 121. ,92 230.63 
C4 18. 54 42.32 40.83 0. ,1620 58010.8 95.54 84.81 0.000 135. ,13 232.66 
C5 18. ,20 45.40 43.92 0. ,1621 61713.6 96.32 79.81 0.968 125. ,48 228.60 
BS13(SCT)C0 X BS13(SCT)C5 22. 12 56.40 51.90 0. 2044 61302.2 97.05 86.05 0.364 128. ,52 230.12 
BSSS2(SCT)C0 X BSSS2(SCT)C5 19. ,38 53.23 50.77 0. 2030 58627.9 91.86 82.22 0.721 131. ,57 237.74 
BS13(SCT)C0 X BSSS2(SCT)CQ 20. 42 43.82 41.26 0. 1542 62947.9 95.59 82.88 0.678 121. ,41 229.11 
BS13(SCr)C5 X BSSS2(SCT)C5 20. 02 49.32 46.67 0. 1792 60685.0 97.32 87.73 0.364 133. 10 234.19 
BS13(SCr)C0 X BSSS2{SCT)C5 20. 20 52.21 49.32 0. 1932 59862.2 93.70 83.69 0.345 123. ,95 232.16 
BSSS2(SCT)C0 X BS13(SCT)C5 23. 20 56.68 51.92 0. 2093 59656.5 97.31 81.42 0.333 130. 56 238.25 
Hol7 X A634 15. 86 75.33 75.00 0. 2866 58216.5 99.30 92.46 0.351 112. 27 225.55 
B73 * Mol7 22. 46 99.94 91.71 0. 3404 64799.3 100.00 95.01 0.317 129. ,54 241.00 
L.S.D. (0.05) 2. 29 12.05 11.62 0.0465 6046.0 4.04 8.41 1.180 11. 76 9.62 
X 20. 14 51.28 48.44 0. 1876 60366.2 96.51 84.05 0.470 126. 39 231.67 
Taule A61, Analysis of variance for agronomic craits at Imperial, NE, 1960 
df MST GU CHN GPL FSC NRI HSL DE 
Reps 4 2.27 285.60 237.68 0.00342 36382630.0 44.26* 1.64 6.30 
Entries 19 11.02** 247.93** 238.15* 0.00281* 22610617.0 33.46* 14.82* 3.68 
Error 76 2.52 130.71 113.73 0.00146 23087290.7 17.28 8.54 2.61 
Table A62. Means for 20 entries at Imperial, , NE, 1980 
MST GH GUM GPL FSC HRL NSL 
X Mg/ha Mg/ha lb/plant plants/ha X X DE 
BS13(SCT)C0 20.32 56.49 53.38 0.1895 65827.8 90.31 93.41 6.225 
CI 19.84 71.88 68.22 0.2274 69736.4 99.08 93.78 3.285 
C2 21.38 57.61 53,58 0.1859 68502.1 97.29 89.24 6.091 
C3 19.18 67.03 64.11 0.2163 68707.8 95.56 89.67 4.495 
C4 18.80 65.72 63.11 0.2129 68090.7 96.92 92.45 5.158 
C5 21.80 63.21 58.48 0,2037 68913.5 97.91 92.79 4.161 
BSSS2(SCT)C0 21.44 62.55 58.19 0.1974 69736.4 95.42 92.98 5.938 
CI 19.04 59.38 56.81 0,1933 67885,0 97.41 91.52 4.118 
02 18.18 61.81 59.84 0,1911 71382,1 93.95 91.39 3.471 
C3 18.72 66.00 63.50 0,2143 68296,4 93.85 87.91 4,823 
C4 18.74 65.26 61.90 0.2080 69119,2 91.67 91.46 4,508 
05 19.06 62.18 59.56 0.1929 70559,2 92.49 91.15 4.665 
BS13(SCT)C0 X BS13(SCT)C5 20.54 75.79 70.98 0.2564 65622,1 94.44 91.92 5.593 
BSSS2(SCT)C0 X BSSS2(SCT)C5 19.72 62.27 59.02 0.2125 64593.6 93.67 92.35 6.049 
BS13(SCT)C0 X BSSS2(SCT)C0 21.62 65.82 60.89 0.2116 68913.5 91,53 95,22 4.432 
BS13(SCT)C5 X BSSS2<SCT)C5 20.82 85.02 79.70 0.2673 70353.5 91.89 92,48 4.049 
BS13(SCT)C0 X BSSS2(SCT)CS 20.68 64.14 60.19 0.2114 66445.0 93.92 93.21 4.631 
BSSS2(SCT)C0 X BS13(SCT)C5 20.56 70.76 66.43 0.2306 67473.5 92.79 93.25 4.986 
Hol7 X A634 15.52 73.65 73.56 0.2513 65416.4 98.09 93.34 4.610 
B73 X Mol 7 18.94 76.07 72,85 0.2471 68502.1 97.57 93.73 3.925 
L.S.D. (0.05) 2.01 14.46 13.49 0.0483 6077.8 5.26 3.70 2.04 
X 19.81 66.63 63.22 0.2162 68203.8 94,79 92.16 4.760 
Table A63« Analysis of variance for agronomic traits nt Tekamah, NE* 1980 
df MSÏ CH GUM GPL FSC NRL NSL DE EOT POT 
Reps 4 2.02 204.15* 176.50* 0.00236 38027607.0 96.52 24.34 0.420 57,65 16.03 
Entries 19 15.55** 1004.59** 954.32** 0.01780** 134955230.0** 397.51** 36.18* 0,480 246.72* 802.51** 
Error 76 0.82 72.08 63.18 0.00107 48311547.5 57.99 17.67 0,406 115,00 199.39 
Table A64. Means for 20 entries at Tekamah, NE, 1980 
HST GH GHH GPL FSC NRL NSL EHT POT 
% Hg/ha Mg/ha lb/plant plants/ha X X DE CO CO 
BS13(SCT)C0 25 .80 77 .75 68.28 0.2698 63976.4 80.46 96.48 0.333 111.25 214.88 
CI 23 .82 86 .14 77.65 0.3020 62947.9 82.37 93.13 0.328 101.60 198.63 
C2 23.94 88 .00 79.22 0.3037 64387.9 89.82 94.43 0.000 120.90 226.06 
C3 23.84 84 .83 76.50 0.2828 67267.8 85.69 95.38 0.000 107.70 206.25 
C4 22 .56 86 .70 79.44 0.2893 66445.0 90.81 96.20 0.339 107.70 193.04 
C5 23.46 84 ,00 76.07 0.2732 67885.0 98.13 92.71 0.588 104.14 209.80 
BSSS2(SCT)C0 23 .66 89 .59 80.97 0.3004 66239.3 81.24 93.86 0.000 106.17 227.58 
CI 23.08 81, .85 74.54 0.2526 72204.9 82.33 93,12 0.891 102.62 196.60 
C2 22 .14 76, .16 70.18 0.2289 74056.3 72.94 94.15 0.560 97.03 189.48 
C3 22 .16 84, .55 77.91 0.2566 73439.2 79.21 89.51 0,294 99.06 191.52 
C4 21 .52 74, .49 69.25 0.2458 67062.1 71.41 95.26 0,313 113.79 203.71 
C5 21 .94 73, .74 68.19 0.2418 66856.4 72.28 90,13 0,000 109.73 224.03 
BS13(SCT)C0 X BS13(SCT)C5 24 .62 101, ,52 90.55 0.3464 64799.3 88.41 95.61 0,000 112.27 206.76 
BSSS2(SCT)C0 X BSSS2(SCT)C5 21, .94 90. ,33 83.40 0.3198 62742.2 71.94 89.27 0,000 117.86 223.52 
BS13(SCT)C0 X BSSS2(SCT)C0 24 .74 88.28 78.69 0,3149 61713.6 77.70 95.56 0.000 118.36 218.44 
BS13(SCT)C5 X BSSS2(SCT)C5 22 .10 100.22 92.41 0.30/3 72204.9 84.55 94.52 0.000 114.30 207.77 
BS13(SCT)C5 X BSSS2(SCT)C5 22, ,50 92. 29 84.62 0.3019 67885.0 73.27 95.07 0.559 108.20 197.10 
BSSS2(SCT)C0 X BS13(SCT)C5 24, ,02 94. 25 84.71 0.2878 72616.3 86.50 91.61 0.000 107.70 196.60 
Hol7 X A634 17, .18 109.82 107.66 0.4272 56776.5 97.69 99.27 0.000 103.12 211.84 
B73 X Hol7 21. ,96 136. 11 125.67 0.4760 63359.3 100.00 98.79 0.914 121.41 226.57 
L.S.D. (0.05) 1. ,15 10. 74 10.05 0.0414 8791.9 9.63 5.32 0.806 13.56 17.86 
X 22. 85 90.03 82.30 0.3014 66743.3 83.34 94.20 0.256 109.25 208.51 
Table A65« Analysis of variance for agronomic traits at Ankeny» 1A> 1981 
df HST CH GHH CFL FSC ESC NRL NSL DE EUT DISK DTSD PS PTIL PUT 
Reps 4 7.59 87.65 52.52 0.00195 5120047.7 9.02 34.01** 587.21** 0.2685 178.65 8.62** 22.46** 3, .69** ?17.04** 423.79* 
Entries 33 10.50** 1538.44** 1428.00** 0.02347** 6506225.4 43.86** 19.68** 356.74** 0.5338 209.55** 9.42** 7.30** 1, .59** 118.49** 311.51** 
Error 132 «.94 115.38 103.34 0.00180 4890314.4 12.45 6.24 88.91 0.4823 106.26 0.90 1.06 0. 71 34.24 150.71 
Table A66. Means for 34 entries at Ankeny, lA, 1981 
GH GHH ESC 
MST Mg/ha Mg/ha GPL FSC plants/ HRL NSL EhT DISK DTSD PS PTIL PHI 
% xlO xlO lb/plant plants/ha plot % Z DE days days days X cm 
BS13(SCT)C0 22 .94 83.25 76.03 0.3376 54537.6 64 .6 94 .32 84 .45 0 .000 127.64 73.6 70.8 -2 .8 6 .849 242 .36 
CI 21 .52 82.71 76.67 0.3206 56929.6 66 .6 96 .61 80 .26 0 .426 131.68 71.2 69.6 -1 .6 7 .998 244 .00 
C2 23 .98 72.85 65.64 0.2816 57168.8 67 .8 96 .67 44 .89 0.435 136.28 70.8 69.2 -1 .6 3 .308 250.40 
03 23 .46 72.85 66.23 0.2853 56212.0 67 .2 98 .72 76 .17 0 .000 140.20 71.2 68.8 -2 .4 7 .556 255 .92 
C4 21 .94 72.74 67.22 0.2830 56929.6 65 .8 97 .90 82 .53 0 .000 131.92 70.0 68.4 -1 .6 8 .225 250 .40 
C5 20 .24 74.04 70.07 0.2942 55733.6 66 .6 99 .57 68 .46 0 .000 123.84 70.4 68.4 -2 .0 2 .476 241 .92 
BSSS2(SCI)C0 21 .98 69.81 64.41 0.2733 56212.0 65 .2 97 .46 78 .28 0 .426 134.34 72.0 69.6 -2 .4 12 .386 252 .44 
CI 21 .90 71.98 66.78 0.2772 57408.0 62 .8 95 .82 80 .07 0 .000 129.90 71.2 69.2 -2 .0 9 .992 244 .32 
C2 19 .74 73.50 69.80 0.2926 55494.4 65 .6 95 .37 76 .86 0 .000 128.52 70.8 69.2 -1 .6 19 .893 247 .12 
C3 20 .20 72.85 68.93 0.2755 58364.8 65 .8 97 .55 77 .35 0 .808 125.52 69.6 67.8 -1 .8 20 .179 231 .20 
C4 20 .46 79.89 75.23 0.3062 57647.2 62 .6 93.00 85 .79 0, .000 137.52 69.6 67.8 -1, .8 24, .168 253 .56 
05 19 .96 69.92 66.21 0.2799 55255.2 64 .6 95, .75 81, .71 0. 825 130.20 69.2 66.8 -2, .4 9, .183 234 .44 
BS13(SCT)C0 X BS13(SCT)C5 23 .22 83.14 75.40 0.3208 57168.8 67. 6 96, .62 74, .83 0. 000 135.68 70.8 69.2 -1, .6 7. 101 251 .40 
BSSS2(SCT)C0 X BSSS2(SCT)C5 20, .18 92.14 86.99 0.3557 57168.8 66. 4 97. 88 88. 64 0. 408 142.36 70.0 68.0 -2, .0 11, .227 252 .60 
BS13(SCT)C0 X BSSS2(SCT)C0 21. 72 86.40 79.93 0.3379 56690.4 68. 6 95, .03 86, .62 0. 000 130.80 72.0 69.2 -2. 8 9. 706 246, .28 
BS13(SCT)C5 X BSSS2(SCT)C5 20.  58 86.50 81.39 0.3321 57408.0 68. 0 98. 35 79. 55 0. ,000 140.80 70.0 68.8 -1. 2 6. 351 256. 24 
BS13(SCT)C0 X BSSS2(SCT)C5 21. ,40 90.73 84.16 0.3475 57647.2 66. ,6 94. 62 79.68 0. ,408 137.22 70.4 68.4 -2. 0 12. 475 247, .08 
BSSS2(SCT)C0 X BS13(SCT)C5 21. 42 91.27 84.78 0.3559 56690.4 69. ,4 99.58 76. 76 0. 000 137.44 71.2 69.2 -2. 0 11. 762 256. 08 
Kol7 X A634 17. 86 93.44 90.89 0.3915 52624.0 55. ,8 100. 00 94. 89 0. ,000 116.72 68.0 65.6 -2. 4 6. ,977 243. 16 
B73 X Hol7 19. 92 127.05 120.36 0.4897 57408.0 66. ,8 99. 59 92. ,56 1. ,251 138.72 69.6 68.8 -0. 8 3. ,320 254. 44 
BS13(SCT)C0 SI 22. 32 52.58 48.38 0.2112 55255.2 58. ,2 96.96 89. ,79 0. ,844 120.64 73.2 71.2 -2. 0 7, ,507 235. 08 
BS13(SCT)C5 SI 22. ,86 51.17 46.73 0.1972 57408.0 62. 2 98. ,74 70. ,92 0, ,400 124.68 71.6 70.0 -1. ,6 7. 130 231. 12 
BSSS2(SCT)C0 51 24, ,20 45.09 40.40 0.1741 57168.8 63. 4 98. 32 76, ,61 0.000 136.68 74.0 71.2 -2, ,8 8, ,742 249. 36 
BSSS2(SCT)C5 SI 19. 62 45.31 42.99 0,1753 56929.6 62. ,6 96. ,67 80. ,48 0, ,000 121.32 70.8 69.2 -1, ,6 14. ,673 236. ,32 
BS13<SCT)C0 80 22. 02 81.63 75.32 0.3173 56690.4 63. 2 91. 55 79. 24 0. ,417 135.84 72.8 70.8 -2. 0 11. 005 247, ,92 
BS13<SCr)C5 80 20. 50 70,24 66.02 0.2684 57886.4 62. 2 99. ,20 79. 01 0. 000 128.16 70.4 69.2 -1. 2 4. 164 240.08 
BSSS2(SCT)C0 80 22. 76 77.83 71.24 0.2979 57647.2 66. 8 95. 84 84. 07 0. 426 131.36 72.8 69.2 -3. 6 13. 257 251. 16 
BSSS2(SCT)C5 80 20. 46 73.28 68.84 0.2883 55972.8 66. 4 96. 62 84. 98 0. 000 129.88 69.6 67.4 -2. 2 12. 546 240, ,28 
BS13(SCT)C0 X BS13(SCT)C5 SI 22. 66 57.99 53.10 0.2299 55733.6 61. 6 98. 72 81. 67 0. 000 126.84 72.4 70.0 -2. 4 6. 901 233. 68 
BSSS2(SCT)C0 X BSSS2(SCT)C5 SI 23. 18 51.62 47.12 0.1983 57647.2 64. 2 95. 37 87. 61 0. 000 122.82 72.0 70.4 -1. 6 13. 386 236. 64 
BS13<SCT)C0 X BSSS2(SCT)C0 SI 22. 42 47.48 43.42 0.1899 55255.2 60. 0 98. 26 81. 76 0. 000 126.34 73.2 70.8 -2. 4 14. 058 239. ,86 
BS13(SCT)C5 X BSSS2(SCT)C5 SI 21. 30 51.17 47.66 0.2012 55972.8 63. 4 98. 73 76. 54 0.417 127.28 70.4 69.2 -1. 2 5. 071 238. 12 
BS13(SCT)C0 X BSSS2(SCT)C5 SI 22. 84 51.38 46.92 0.2025 56212.0 62. 6 98. 32 79.01 0.000 129.56 71.6 69.2 -2. 4 13. 232 242. ,92 
BSSS2(SCT)C0 X BS13(SCT)C5 SI 22. 80 56.69 51.96 0.2197 56929.6 65. 0 98. 73 73. 17 0. 426 120.88 70.8 69.2 -I. 6 6. 683 229. 52 
L.S.D. (0.05) 2. 78 13.45 12.78 0.0531 2769.2 4. 4 3. 13 11. 80 0. 870 12.91 1.2 1.3 1. 1 7. 328 15. 37 
X 21. 6 72.37 67.27 0.2826 56570.8 64. 6 97. 13 79. 86 0. 233 130.58 71.09 69.1 -2. 0 10.043 244. 34 
N5 
•VJ 
Table A67* Analysis of variance for agronomic traita at Clarence» 1A» 1981 
df HST Gil CBN CPl FSC ESC NRL NSL DE 
Reps 4 4.08** 306.18** 297.09** 0.00629* 27232595, .0 133 .18** 1360.53** 138.96 1.4046 
Entries 33 11.88** 1290.57** 1134.95** 0.01987** 27653689.0 72.53** 756.88** 220,11** 1.2830 
Error 132 1.26 81 .32 69.73 0.00195 19634053. 2 31 .87 171.49 101.24 1.2911 
Table A68. Means for 34 entries at Clarence, lA, 1981 
HST GH GHH GPL FSC BSC NRL NSL 
% Hg/ha Mg/ha lb/plant plants/ha plants/plot % X DE 
BS13(SCr)C0 25 .06 75.88 67.51 0.3095 54059.2 58.0 75 .39 72 .93 0.426 
CI 23 .62 77.94 70.49 0.3139 54776.8 59.2 44.45 74 .96 0.435 
C2 24 .72 78.05 69.56 0.3083 55972.8 61.0 75 .52 61 .74 0.861 
C3 24 .62 87.37 77.87 0.3444 56212.0 62.8 77 .56 73 .38 0.000 
C4 23 .40 80.54 72.99 0.3251 54776.8 60.4 65 .46 65 .55 0.000 
C5 23 .46 84.44 76.59 0.3622 51906.4 57.2 71 .07 78 .59 0.000 
BSSS2(SCT)C0 23 .88 76.64 69.07 0.3272 52384.8 53.2 69 .68 71 .94 0.476 
CI 22 .72 75.99 69.51 0.3038 55494.4 59.8 73 .37 64 .16 0.851 
C2 22 .08 73.17 67.49 0.2897 55733.6 57.4 63.57 62 .69 0.000 
C3 21 .70 80.76 74.87 0.3126 57408.0 60.4 55 .01 76 .69 0.000 
C4 22 .08 72.09 66.74 0.2789 57168.8 57.8 61, .00 68.84 0.400 
C5 21.38 71.87 66.83 0.3045 53102.4 60.6 47 .31 68, ,97 0.000 
BS13(SCT)C0 X BS13(SCT)C5 24 .40 90.30 80.79 0.3577 55733.6 57.8 60, ,79 74, ,28 0.000 
BSSS2(SCT)C0 X BSSS2(SCT)C5 22 .02 86.61 79.95 0.3585 53580.8 56.0 61 ,49 74. 25 0.000 
BS13(SCT)C0 X BSSS2(SCT)C0 24, .10 80.32 72.18 0.3243 54537.6 56.8 61, ,08 72, .30 0.000 
BS13{SCT)C5 X BSSS2(SCT)C5 21 .76 94.53 87.43 0.3595 58364.8 59.8 62, ,44 81. 38 0.855 
BS13(SCT)C0 X BSSS2(SCT)Cr> 22. 54 76.96 70.52 0.3235 52863,2 61.8 46, ,84 66, .82 0.888 
BSSS2(SCT)C0 X BS13(SCI)C5 23, .26 92.03 83.70 0.3599 56451.2 59.4 61. 59 71. 92 0.000 
Mol7 X A634 17. 80 94.42 91.84 0.3980 52624.0 49.4 58. ,18 90. ,73 0.444 
B73 X Mol 7 21. 06 120.11 112.20 0.4830 55494.4 58.0 47. 66 89. ,14 1.326 
BS13(SCT)C0 SI 25. 56 53.55 47.22 0.2283 51906.4 52.4 77. 18 84, ,09 0.000 
BS13(SCT)C5 SI 23. ,66 52.03 47.02 0.2054 55733.6 56.0 68. ,61 70. 98 0.000 
BSSS2(SCT)C0 SI 23. ,20 45.96 41.79 0.1958 51906.4 51.4 84. 51 80. ,14 0.000 
BSSS2(SCT)C5 SI 21. ,74 45.53 42.19 0.1955 51906.4 59.2 65. ,22 67. ,15 1.409 
BS13(SCT)C0 80 24. 46 83.36 74.52 0.3953 47122.4 47.8 74. 43 79. 17 1.620 
BS13(SCT)CS 80 24. 18 68.13 79.04 0.3691 52863.2 60.4 75. 76 73. 96 0.465 
BSSS2(SCT)C0 80 22. 82 83.58 76.34 0.3385 54537.6 57.6 65. 16 73. 89 0.400 
BSSS2(SCT)C5 80 20. 52 75.45 70.98 0.3125 54537.6 64.2 38.86 68. 12 0.435 
BS13(SCT)C0 X BS13(SCT)C5 SI 24. 08 64.17 57.77 0.2807 50471.2 52.6 77. ,12 74. 70 1.401 
BSSS2(SCT)C0 X BSSS2(SCI)C5 SI 22. 70 51.60 47.15 0.2250 51188.8 54.2 60. 41 76. 68 0.444 
BS13(SCT)C0 X BSSS2(SCT)C0 SI 23. 36 56.04 50.82 0.2396 51906.4 52.6 84. 37 79. 56 1.333 
BS13(SCT)C5 X BSSS2(SCT)C5 SI 21. 54 58.10 53.97 0.2381 53820.0 58.8 74. 75 74. 42 0.000 
BS13(SCT)C0 X BSSS2(SCT)CS SI 21. 58 61.03 56.63 0.2680 50471.2 60.0 82. 43 71. 61 0.476 
BSSS2(SCT)C0 X BS13(SCT)C5 SI 23. 60 62.22 56.23 0.2611 52384.8 54.8 89. 30 75. 72 0.000 
L.S.D. (0.05) 1. 41 11.29 10.46 0.0553 5548.8 7.1 16. 40 12. 60 1.423 
X 22. 91 75.02 68.51 0.3087 53805.9 57.3 66.40 73. 75 0.439 
Table A69. Analysis of variance for agronomic traits nt Washington, lA (early), 1981 
df HST GH GlIH GPL FSC ESC NRL NSL DE EHT DISK SV 
Reps 2 5.46** 109.26 90.22 0.00162 14907178.0* 3.57 602.65** 139.21** 0.4910 5.85 1.30 20.04** 
Entries 33 3.14** 1261.63** 1119.28** 0.01849** 5657494.8 25.90** 82.60 57.28** 0.2555 228.92** 9.73** 7.43** 
Error 66 0.98 73.74 66.60 0.00113 4012899.1 10.93 66.24 27.79 0.2712 98.72 1.42 1.71 
Table A70. Means for 34 entries at Washington, lA (early), 1981 
GH CHM ESC SV 
HST Hg/ha Mg/ha GPL FSC plants/ NRL NSL EHT DISK (1 to 9 
X xlO xlO lb/plant plants/ha plot % X DE cm days scale) 
BS13(SCI)CO 21.43 94.06 87.43 0.3784 54916.3 60 .3 87.77 92 .45 0.000 127 .30 96 .7 3.0 
CI 20.77 82.38 77.23 0.3220 56431.3 65 .0 84.45 93 .99 0.000 123 .57 96 .3 4.0 
C2 21.37 92.68 86.23 0.3625 56431.3 69.0 96.64 82 .56 0.000 133 .30 93 .3 6,7 
C3 21.80 87.19 80.69 0.3557 54158.9 67 .3 82.15 93 .76 0.000 133 .6 93 .7 5.7 
C4 20.87 92.34 86.48 0.3610 56431.3 67 .3 91.95 93 .97 0.000 121 .7 94 .7 5.0 
C5 21.17 81.53 76.10 0.3323 54158.9 69 .3 87.32 92 .43 0.000 124 .2 95 .7 4.3 
BSSS2(SCT)C0 19.70 91.31 86.73 0.3622 55673.8 66.0 94.41 90 .50 0.000 122 .2 97.0 5.3 
CI 19.87 83.76 79.32 0.3251 56810.0 66 .3 91.37 88 .58 0.000 115 .2 95 .7 4.7 
C2 20.37 72.77 68.64 0.2961 54158.9 68 .0 77.57 97 .96 0.000 96.9 94 .7 5,0 
C3 18.80 86.16 82.75 0.3447 55295.1 65 .0 90.37 81 .93 0.000 130 .0 92 .7 5.0 
C4 20.03 82.56 77.98 0.3230 56052.5 63 .7 85.72 95 .28 0.000 121 .2 93 .7 5.0 
C5 19.67 84.62 80.40 0.3431 54537.6 69 .7 93.03 95 .90 0.741 130 .0 93 .0 6.0 
BS13(SCT)C0 X BS13(SCT)C5 20.60 100.92 94.78 0.4202 53022.7 65 .7 89.84 95 .18 0.000 116 .7 95, .0 6.3 
BSSS2(SCT)C0 X BSSS2(SCT)C5 19.87 95.60 90.67 0.3791 55673.8 67 .7 91.85 95 .88 0.000 138 .3 94.0 6.0 
BS13(SCT)C0 X BSSS2(SCT)C0 21.37 99.20 92.48 0.3903 56052.5 67, ,7 91.80 90 .52 0.000 139 .9 96. 0 5.0 
BS13(SCT)C5 X BSSS2(SCT)C5 20.07 106.93 101.13 0.4269 55295.1 70.0 98.63 91 .09 0.000 133, ,0 92. 7 7.3 
BS13(SCT)C0 X BSSS2(SCT)C5 20.40 109.16 102.85 0.4333 55673.8 67, ,7 91.14 94, .54 0.000 133, .8 95. 7 5.0 
BSSS2(SCT)C0 X BS13(SCI)C5 20.87 112.94 105.76 0.4535 54916.3 68, ,7 94.40 94.41 0.000 123, .7 93. ,7 7.7 
Hoi 7 X A634 17.07 111.56 109.56 0.4474 54916.3 59, ,7 100.00 94, ,48 0.000 110, .8 91. ,0 4.7 
B73 X Hol7 20.80 137.31 128.69 0.5304 57188.7 67, .0 99.37 98, .01 0.000 128. 8 92. ,3 7.0 
BS13(SCT)C0 SI 20.70 57.15 53.65 0.2341 53780.1 59. 7 89.39 94, ,37 0.000 119. 8 97. 0 2.3 
BS13(SCT)C5 Si 21.10 55.27 51.60 0.2162 56431.3 65, .3 85.74 90.01 0.000 119. 3 96. 7 3.0 
BSSS2(SCT)C0 Si 19.10 53.55 51.26 0.2154 54916.3 64. 7 88.17 91. 00 0,000 124. 4 97. 0 2.3 
BSSS2(SCT)CS Si 18.73 49.60 47.72 0.2056 53401.4 61. ,0 92.55 87. ,54 0.667 120. ,8 96. 0 4.0 
BS13(SCT)C0 80 20.67 89.76 84.28 0.3633 54537.6 65. 7 88.13 97. 96 0.000 129. 7 95. 7 5.7 
BSJ3(SCT>C5 80 21.97 96.63 89.28 0.3783 56431.3 64. ,7 99.35 92. ,54 1.307 131. 4 93. 7 6.0 
BSSS2(SCT)C0 80 20.40 92.68 87.31 0.3677 55673.8 67. 0 91.25 88. 33 0.667 137. 9 96. 7 4.7 
BSSS2(SCT)C5 80 19.07 84.62 81.03 0.3374 55295.1 67. 7 95.88 82. 19 0.000 129. 5 91. 0 7.7 
BS13(SCT)C0 X BS13(SCT)C5 SI 21.70 64.19 59.47 0.2580 54916.3 65. 7 93.79 84. 89 0.000 113. 5 97. 0 3.3 
2.7 BSSS2(SCT)C0 X BSSS2(SCT)CS Si 19.67 57.50 54.67 0.2452 51886.5 60. 7 91.49 90. 45 0.000 119. 0 96. 3 




BS13(SCT)C5 X BSSS2(SCT)C5 SI 20.07 56.64 53.59 0.2408 52265.2 64. 0 95.50 85. 26 0.000 118. 3 yb.u 
BS13(SCT)C0 X BSSS2(SCT)C5 Si 19.40 62.13 59.24 0.2604 52643.9 61. 0 84.86 92. 83 0.000 121. 7 96. / 
BSSS2(SCr)C0 X BS13(SCT)C5 SI 20.93 64.02 59.91 0.2594 54537.6 63. 0 93.79 91. 62 0.000 IZU.U Ï6.U 
L.S.D. (0.05) 1.62 14.02 13.33 0.0549 3271.3 5. 4 13.29 8. 61 0.850 16. 3 1. 9 2.1 
20.32 83.81 79.01 0.3356 54994.3 65. 6 90.96 91. 61 0.099 124. 5 95. 0 4.8 
Table A71. Analysis o£ variance for agronomic traits at Washington. lA (normal), 1981 
df HST GH OHM GPL FSC ESC HRI NSL DE EUT DTSK SV 
Reps 2 0.07 43 .47 33, ,86 0.00130 98488345.0** 31.48 0.37 19. 24 2.2373 109.44 1, .92 14.48** 
Entries 33 3.48** 1188. 1 1 ,79** 0. 2 O 9896897.5 10.27 1.43 17. 23* 1.2677 134 .79** 7 .88**- 4.96** 
Error 66 1.58 54. 02 51. ,73 0, ,00106 10149324.2 12.99 1.15 9.01 0.9536 40.95 1, .12 1.11 
Table A72. Means for 34 entries at Washington, lA (normal), 1981 
GH CHH ESC SV 
HST Hg/ha Hg/ha OPL FSC plants/ NRL NSL EOT DTSK (1 to 9 
X xlO xlO lb/plant plants/ha plot X X DE CO days scale) 
BSI3(SCr)C0 22.13 102 .64 94, .60 0 .4195 54158.9 59.0 100 .00 97.18 O.OOO 134 .83 67 .3 3.0 
CI 21.90 100 .06 92 .47 0 .3949 56052.5 60.7 99 .29 96.69 0.000 128, 83 63, 0 5.0 
C2 22.33 109 .33 100 .51 0 .4485 53780.1 60.3 99 .28 97.16 0.000 134, .30 64, .7 6.3 
C3 21.50 111 .39 103, ,49 0, 4464 55295.1 62.0 99, .24 91.71 0.000 133, 13 65. ,3 5.7 
C4 21.03 94 .40 88, .25 0, .3961 52643.9 60.3 99 .35 92.76 O.OOO 121, 33 64. ,0 6.0 
C5 22.20 97 .83 90, ,09 0, ,3986 54158.9 64.0 99, .29 90.88 0.000 127. ,13 65. ,7 5.3 
BSSS2(SCT)C0 21.00 95, .94 89. 70 0, ,3906 54158.9 60.0 100, .00 96.38 O.OOO 137. ,20 65. ,7 4.3 
CI 21.47 100 .38 93 .56 0 .4018 55295.1 59.0 100.00 95.91 o.w 114 .57 64, -7 4.0 
C2 20.00 89 .25 84 .42 0 .3350 58703.7 62.0 100.00 96.17 0.000 124 .73 63 .0 4.0 
C3 20.17 94 .58 89, .35 0 .3776 53293.1 60.3 100 .00 95.17 0.000 126, .80 63, .3 5.0 
C4 20.27 90 .62 85 .45 0 .3324 36810.0 64.0 98.38 95.08 0.680 137 .87 65 .0 5.7 
C5 19.73 104 .53 99, .31 0, .4069 56810.0 65.0 96 .54 96.71 0.000 130.07 64, 0 5.7 
BS13(SCT)C0 X BS13(SCT)C5 21.37 118, .43 110, ,34 0, ,4700 55673.8 60.3 100 .00 95.04 0.667 134, .00 64, 0 6.3 
BSSS2(SCT)C0 X BSSS2(SCT)C3 19.80 109, .16 103, ,64 0, 4214 37188.7 61.3 98 .68 96.68 0.000 138. ,23 64, ,3 6.0 
BS13(SCT)C0 X BSSS2(SCT)C0 21.70 111, .39 103, 17 0, ,4475 54916.3 64.3 98.61 96.54 0.000 129, .73 65, ,7 4.0 
BS13(SCT)C5 X BSSS2(SCI)C5 21.23 114 .82 107, 03 0, ,4490 56431.3 65.3 99 .33 95.99 0.000 135, ,50 62, 3 6.0 
BS13(SCT)C0 X BSSS2(SCT)C5 21.30 107, .79 100.40 0. ,4003 59461.1 63,3 99 .33 94.98 0.000 139, ,60 63. ,7 7.0 
BSSS2(SCT)ca X BS13(SCT)C5 22.57 114.48 104, ,86 0, ,4347 35673.8 64.3 100, 00 93.22 0.694 136.03 65. ,0 7.7 
Hoi7 X A634 17.47 113, ,79 111. ,13 0.4423 36810.0 61.0 99, .33 96.04 0.680 118. ,97 61, ,3 6.7 
B73 X Mol7 20.47 141. 43 133. ,12 0.5216 39839.9 63.0 100, ,00 98.75 2.534 136. ,90 64. ,0 6.7 
BS13(SCT)C0 SI 21.57 75. 86 70. ,35 0. ,3054 54537.6 60.7 100.00 96.53 0.000 121. ,50 67. ,3 3.7 
BS13(SCT)C5 SI 21.63 70. 71 65. ,60 0. 2846 34916.3 62.0 100, ,00 93.12 0.000 113. ,33 65. ,7 5.3 
BSSS2(SCT)C0 SI 21.07 63. ,85 59, ,59 0. ,2582 54537.6 59.3 100. ,00 87.55 0.000 127. 97 68. ,3 3.7 
BSSS2(SCT)C5 SI 20.13 50. 98 48. ,19 0. ,2109 53401.4 61.0 99, .33 90.62 0.709 121. ,83 64, ,7 3.7 
BS13(SCT)C0 80 21.83 96.46 89. ,18 0. ,3790 36032.3 61.3 100. ,00 96.64 2.128 129. 87 66. 7 4.3 
BS13(SCT)C5 80 21.90 96. ,29 89, ,05 0. ,3943 34158.9 63.0 100. ,00 90.77 0.000 130, ,40 66. ,0 7.0 
BSSS2(SCT)C0 80 21.33 109. ,50 101. 95 0. 4467 54537.6 63.3 99, ,36 95.06 0.641 130. ,90 65. ,7 5.0 
BSSS2(SCT)C5 80 19.03 94. ,06 90.28 0. ,3855 54158.9 63.0 99. ,28 93.76 0.634 135. ,17 63. ,0 3.7 
BS13(SCT)C0 X BS13(SCT)C3 SI 22.57 75. ,52 69. 26 0. ,3030 54916.3 64.0 98. ,46 95.15 1.418 126. ,13 66. ,3 4.3 
BSSS2(SCT)C0 X BSSS2(SCT)C5 SI 20.53 65. ,74 61. ,80 0. ,2755 53022.7 61.3 99. ,32 92.86 1.474 124. ,57 67. ,3 3.0 
BS13(SCT)C0 X BSSS2(SCT)C0 SI 21.47 71. ,23 66. ,30 0. 2846 33923.1 61.3 99. ,32 94.34 0.000 118. ,93 68. 3 2.7 
BS13(SCT)C5 X BSSS2(SCT)C5 SI 20.00 66. ,77 63. ,12 0. ,2789 53022.7 60.0 99. ,21 95.10 0.000 122. ,70 65, ,3 4.3 
Bsl3(SCT)C0 X BSSS2(SCT)C5 SI 20.50 70.89 66. 72 0. 2828 55295.1 58.3 99. ,29 98.01 0.000 126. ,30 65. 3 4.7 
BSSS2(SCT)C0 X BS13(SCT)C5 SI 21.30 69. ,68 64. ,89 0. ,2917 53401.4 61.3 100. ,00 94.70 0.000 118. ,97 66. 7 3.7 
L.S.D. (0.05) 2.05 12. ,00 11. 75 0.0532 5202.4 3.9 1. 75 4.90 1.595 10. 45 1, 7 1.7 
X 21.01 94. ,12 87. ,98 0. ,3752 55306.2 61.8 99. 43 94.87 0.382 128. ,77 65. ,1 3.0 
Table A73. Analysis of variance for agronomic traits fit Tekamah» HE» 1981 
df KST GU GHH GPL FSC NRL HSL DE 
Reps 4 7. 74 299. 28 316 .71 0.00608 48962297.0* 169.61** 68.03** 0.4332 
Entries 33 20. ,49** 1623.80** 1379. 06** 0. 02141** 33015586.0* 99.86** 16.15** 0.4310 
Error 132 4. 21 166. 48 131. 59 0. 00285 18269038.6 30.86 7.53 0.4348 
Table A74. Means for 34 entries at Tekamah, NE, 1981 
MST GH OHM GPL FSC HRL NSL 
% Mg/ha Hg/ha lb/plant plants/ha % % DE 
BS13(SCr)C0 29.22 80.08 67.19 0.3105 56982.2 76.09 97.80 0.000 
CI 25.72 78.87 68.87 0.3183 54925.1 78.40 96.73 0.000 
C2 25.86 82.78 72.50 0.3263 55953.7 86.03 92.28 0.370 
C3 26.34 77.75 67.77 0.2951 58216.5 87.28 95.08 0.370 
C4 25.06 80.27 71.24 0.3195 55748.0 87.45 93.00 0.33 
C5 26.12 79.15 69.24 0.3028 57805.1 90.77 95.30 0.000 
BSSS2(SCT)C0 26.40 74.39 65.09 0.3031 53690.8 79.21 94.16 0.000 
CI 24.24 80.83 72.48 0.3331 53485.1 81.62 95.35 0.392 
C2 23.34 74.39 67.47 0.2898 56982.2 84.63 94.99 0.000 
C3 22.78 74.30 67.93 0.3010 54308.0 81.72 91.12 0.000 
C4 22.90 77.75 71.05 0.3118 55336.5 82.93 95.99 0.370 
05 22.46 77.94 71.54 0.3053 56365.1 82.62 95.22 0.000 
BS13(SCT)C0 X BS13(SCT)C5 25.76 87.54 77.14 0.3391 57187.9 85.33 97.47 0.703 
BSSS2(SCT)C0 X BSSS2(SCT)C5 24.84 85.77 76.40 0.3300 57599.4 82.98 96.05 0.000 
BS13(SCT)C0 X BSSS2(SCT)C0 25.38 80.27 70.72 0.3201 55748.0 81.53 96.62 0.000 
BS13(SCT)C5 X BSSS2(SCT)C5 23.82 83.44 75.50 0.3217 57805.1 83.42 94.85 0.000 
BS13(SCT)C0 X BSSS2(SCT)C5 23.30 92.76 84.20 0.3596 56982.2 82.58 96.36 0.667 
BSSS2(SCT)C0 X BS13(SCI)C5 26.78 88.84 76.83 0.3500 55953.7 87.53 96.62 0.000 
Mol7 X A634 17.90 75.70 73.66 0.3315 50810.9 95.93 98.08 0.000 
B73 X Mol 7 22.52 132.38 121.36 0.5034 58216.5 92.99 97.27 0.345 
BS13(SCT)C0 SI 28.06 51.93 44.17 0.2156 53073.7 82.17 97.68 0.377 
BSI3(SCT)C5 SI 24.72 46.33 41.19 0.1925 50485.1 90.77 95.49 0.000 
BSSS2(SCT)C0 SI 25.86 39.81 35.01 0.1744 50399.4 82.65 97.70 0.000 
BSSS2(SCT)C5 SI 24.26 52.58 46.55 0.2122 54308.0 81.84 96.27 0.000 
BS13(SCT)C0 80 25.80 85.86 75.29 0.3424 55542.2 80.10 97.46 0.000 
BS13(SCT)C5 80 25.92 73.09 63.72 0.3038 52868.0 88.32 97.76 0.364 
BSSS2(SCT)C0 80 24.46 81.38 72.68 0.3509 52045.1 82.84 92.92 0.000 
BSSS2(SCT)CS 80 22.24 72.99 67.19 0.2964 54719.4 74.95 95.07 0.370 
BS13(SCT)C0 X BS13(SCT)C) SI 26.24 60.69 53.41 0.2513 53485.1 87.77 93.66 0.787 
BSSS2(SCT)C0 X BSSS2(SCT)C5 SI 24.76 46.61 41.57 0.1943 53279.4 81.46 93.95 0.408 
BS13(SCT)C0 X BSSS2(SCT)C0 SI 26.94 47.26 40.69 0.2031 51222.3 85.11 96.61 0.000 
BS13(SCT)C5 X BSSS2<SCT)CS SI 23.66 48.01 43.35 0.2041 51839.4 85.60 92.90 1.180 
BS13(SCT)C0 X BSSS2(SCT)C5 SI 25.58 60.32 53.14 0.2421 55130.8 84.94 95.86 0.357 
BSSS2(SCT}C0 X BS13(SCT}C5 SI 25.64 53.14 46.67 0.2218 52868.0 87.74 97.59 0.000 
L.S.D. (0.05) 2.57 16.16 14.37 0.0669 5352.5 6.96 3.44 0.826 
X 24.85 73.09 65.08 0.2934 54834.3 84.33 95.63 0.218 
